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A CLASSIFICATION OF BOW PORCELAIN FROM 
FIRST PATENT TO CLOSURE: c.l 743 - 1774 


William R. H. Ramsay 1 & Elizabeth G. Ramsay 2 
With chemical analyses by Steve Swenser 

‘Southern Institute of Technology, Invercargill, NZ 
^Southland Museum and Art Gallery, Invercargill, NZ 

Ramsay, W. R. H. & Ramsay E. G., 2007. A classification of Bow porcelain from first patent to closure: 
c. 1743 - 1774. Proceedings of the Royal Society of Victoria 119(1): 1-68. ISSN 0035-9211. 
Approximately 50 items of Bow porcelain, some of documentary origin, front private and major public 
collections were subjected to micro-analytical techniques and from these analyses the theoretical recipe 
used in each case was calculated. Three published recipes pertaining to Bow paste compositions are also 
noted (the 1744 and 1749 patents and the Josiah Wedgwood formulation of 1759) and all three are exam¬ 
ined in the light of these analyses. Based on the calculated paste compositions derived from analysis, three 
major groups of Bow wares are recognised, namely a hard-paste Si-AI-Ca body with an associated Si-Al- 
Ca glaze (Bow first patent wares or ‘A’-marked period c. 1743 - 1745), a soft-paste, bone ash body with a 
Si-Pb glaze (Bow second patent bone ash wares c. 1746 - 1774), and a magnesian (steatitic) body (c. mid 
1740s). Five recipe classes and a high-lead subgroup are recognised for Bow second patent wares and these 
changes in paste types are placed in a chronological order and linked to physical attributes of these porce¬ 
lain wares (body, glaze, weight, hardness, and transluccncy). A comprehensive classification from the col¬ 
lector’s and museum curator’s viewpoint is presented and it is proposed that the contribution to porcelain 
development in the English-speaking world by the Bow proprietors has been significantly underestimated. 

Keytmrds: Porcelain. Bow porcelain manufactory, chemical analyses, Cherokee clay, bone ash, steatite 

On the other hand, scientific books on ceramics do not appear to be in great demand 
in England; their list is, singularly short (Solon, 1910) 


STUDIES of English porcelains over the last ten to 
twenty years, show a divergence or dichotomy in 
their approach. The traditional methods of ceramic 
research in developing a coherent chronology of fac¬ 
tory output have comprised connoisseurship and ar¬ 
tistic scholarship, as for example employed by Tait 
(1959) in his study on Bow second patent wares and 
by Spero (2003) for Vauxhall. Mallet (1994: 240) 
commenting in connection with the ‘A’-markcd 
group of porcelains states that, 

Paste, glaze, shape and decoration must remain 
the criteria for identifying pieces of our group, 
though it must be recalled that fairly wide varia¬ 
tions are encountered both in colour of paste 
(from greyish to a passably clean white) and in 
appearance of glaze (from waxy and matt to 
shiny and wet-looking). 

Yet on the other hand science has played an in¬ 
creasing role in our understanding of ceramic wares. 
Examples of the importance of objective scientific 
input include constraints as to the identity of unattrib¬ 
uted or unprovenanced artefacts (Owen, 2001a; Ram¬ 
say et al., 2003), the kiln-firing of analogue wares 
using original patent specifications (Ramsay et al., 
2004a), reconstruction of kiln-firing conditions 


(Owen et al., 2000; Ramsay et al., 2004a), documen¬ 
tation of temporal changes to paste and glaze compo¬ 
sitions (Owen, 2003; this study), the reconstruction 
and chronology of possible technology transfer routes 
between various English porcelain concerns (Owen 
and Hillis, 2003), and the identification of the sources 
and composition of raw materials (Freestone, 1996; 
Freestone et al., 2003; Ramsay et al., 2001). In this 
connection Owen and Hillis (2003) comment that. 
Over the past decade, traditional studies of his¬ 
torically fine ceramics based on subjective “con¬ 
noisseurship” have been supplemented and even 
supplanted by more objective research that uses 
analytical data to understand and interpret these 
wares. 

Likewise Barker (1998) whilst making it clear, 
that it was not his intention to denigrate the role of 
connoisseurship in the study of early porcelains 
writes, 

There has also been too much attention devoted 
to a study of styles of moulding and decoration of 
early British porcelains. Styles can never be more 
than a guide to contemporary trends in produc¬ 
tion, and cannot in themselves be a reliable guide 
to attribution without other forms of supporting 
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evidence, and consequently stylistic links be¬ 
tween vessels often only serve to confuse. 

One of the major challenges for future research 
into English ceramics will be the need to integrate in 
a multidisciplinary manner the ever-increasing 
amount of scientific data (archaeological, chemical, 
mineralogical) with the considerable body of exist¬ 
ing information derived largely through more tradi¬ 
tional studies. In the case of the highly important 
‘A’-marked group of porcelains, a broad reliance 
over the last 60 years on paste, glaze, shape, and dec¬ 
oration alone for an attribution, in part explains why 
a variety of obscure, if not fictitious concerns among 
other manufactories, have been proposed as possible 
sources for this seminal porcelain group. 

In addition to the growing importance of compo¬ 
sitional studies to English ceramics, there has been 
an increasing recognition of the significance of rig¬ 
orous archaeological investigations of former fac¬ 
tory sites (Tyler et al., 2000) and consequently there 
has been an emerging emphasis on stratigraphical 
relationships and on detailed site recordings, cross 
sections, and maps. Significant information can be 
gained where undisturbed stratigraphical relation¬ 
ships have been preserved, such as the recovery of 
sherds from the lowest level of a waster pile at the 
Warmstry House site, Worcester (Owen, 1998). Else¬ 
where, sherds recovered from excavations often lack 
or arc poorly constrained hy any stratigraphical con¬ 
text and consequently chronological development of 
the ceramic wares can only be guessed. Examples 
include the 1760s - 1790s biscuit porcelain and 
creamware wasters from lsleworth at the Hanworth 
Road site (Massey et al., 2003), wasters from Lime- 
house (Drakard, 1993: Barker, 1998), and material 
recovered from William Reid & Co. (Hillis, 2002). 

Studies of body and glaze compositions have to 
date been carried out on various English porcelain 
factories using waster material and ceramic sherds. 
However no comprehensive chemical study has been 
undertaken on the entire known output from the Bow 
manufactory, dating from its earliest deduced com¬ 
mercial production c. 1743 (Daniels, 2003, 2007; 
Ramsay et al., 2004a) through to closure around 
1774. Spcro (2003: 350) states. 

In assessing the chronology of factories such as 
Chelsea, Bow, Derby and especially Longton 
Hall, changes in paste and glaze are of vital as¬ 
sistance, corresponding to constant alterations in 
the porcelain recipes. 

Unfortunately in many instances, visual esti¬ 
mates of paste and glaze constitute an imperfect sur¬ 


rogate for porcelain recipes in that temperature 
variations and vagaries in oxygen fugacity within 
one kiln firing, together with minor variations in the 
level of colorant oxides found in the raw materials 
used, can result in considerable visual inhomogene¬ 
ity within a single kiln-batch, yet still having the 
same paste and glaze compositions. It is this reliance 
on the physical and visual appearance of both body 
and glaze coupled with typological studies, which 
has both forged previous studies of English porce¬ 
lains and at other times hindered the progress in our 
current understanding. Such an approach has formed 
the basis of ceramic scholarship during the 19 lh and 
20 lh centuries hut we question whether such an ap¬ 
proach on its own can sustain such studies through 
the 2U 1 century. The Bow manufactory serves as a 
good example of a concent which, based on paste, 
glaze, potting, and decoration alone, produced what 
appears to be a variety of apparently contrasting 
wares and for which separate factories or potworks 
have been proposed, with the most obvious being the 
dichotomy between Bow first and second patent 
wares. A further example, discussed in this paper, re¬ 
lates to the perceived discordance in potting and dec¬ 
orative styles found in some of the early Bow second 
patent wares (Spero, 1989, 2001,2005). Adams and 
Redstone (1981: 238) may have been the first to pro¬ 
pose with respect to the Bow manufactory, 

.the need for analyses of a large number of 

specimens which can be dated with reasonable 
accuracy. 

With this in mind, coupled by the urgings of Pat 
Daniels dating to the early 1990s, the authors have 
undertaken a chemical survey of some 50 Bow por¬ 
celain items. This survey of paste types used has 
been anchored in part on the ability to re-analyse 
those items reported by Eccles and Rackham (1922) 
and Tite and Bimson (1991), thus giving confi¬ 
dence in the reproducibility of analytical results. In 
addition, a chronological compositional stratigra¬ 
phy has been developed through the Bow output by 
the use of documentary porcelain items. Permission 
was obtained from the British Museum to analyse 
four dated pieces it its collections. These items are 
the Target bowl - 1754 (B22 1 ), the Bowcock bowl - 
1759 (B25), the “Success to Trade” bowl - 1762 
(B23), and theTidswcll mug - 1772 (B24). Adams 
and Redstone (1981: 158) note that the use of dated 


1 Items prefixed with the letter 'B’ such as B22 have 
been chemically sampled and details are given in 
Appendix 2. 
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pieces in applying a time scale to a factory output is 
the traditional method. However they caution that 
in some instances there may be a hiatus in dated 
specimens, thus hindering this approach. In the 
case of Bow porcelain, this point is particularly ap¬ 
plicable to the output prior to 1750. Secondly 
Adams and Redstone note that dated pieces may 
not be typical of the general output for that period. 
Should archaeological excavations be carried out 
on the Bow factory site in the future, evidence for 
further experimental, or even limited commercial 
paste types employed during the early years of the 
manufactory, other than those described here, may 
be uncovered. 


CLASSIFICATION OF EARLY 
ENGLISH PORCELAIN 

A further example of the divergence that now exists 
with regard to the study of English porcelains relates 
to the classification of these porcelain wares them¬ 
selves. Based on early chemical analyses, Eccles and 
Raekham (1922) recognised five main types of early 
English porcelain body. The first group comprises 
the hard-paste, or so-called “true” kaolinitic porce¬ 
lain, whereas the soft-paste porcelains are subdi¬ 
vided into (I) glassy porcelain, (2) bone or bone ash 
porcelain, (3) soapstone or steatitic porcelain, and 
(4) hybrid or modern bone porcelain (bone china). 
More recently Titc and Bimson (1991) recognise 
glassy porcelains (Chelsea to 1758, Derby to c. 1764, 
and Longton Hall to 1760), soapstone porcelains 
such as Worcester, bone ash porcelains such as 
Lowestoft and Bow, and hard-paste porcelains as 
found at Plymouth and Bristol. A further paste type, 
termed the clay-rich porcelain group, was subse¬ 
quently reported with research into Limehouse, Po¬ 
mona, and the ‘A’-marked group (Freestone 1999a,b; 
Ramsay et al., 2003). Subsequently Owen (in press) 
has argued that modern analytical research has 
recognised a number of compositional intermediar¬ 
ies or hybrids as well as different categories of wares 
that become recalcitrant when attempts are made to 
assign them to this traditional classification. More¬ 
over he states that porcelain bodies referred to as 
glassy or soapstone should be classified according to 
composition and not according to inferred paste in¬ 
gredients. An example, which supports Owen’s con¬ 
tention, may be found with the ‘A’-marked group of 
porcelains. Although classified as belonging to the 
clay-rich porcelain group (Freestone, 1999a,b; Ram¬ 


say et al., 2003) both the deduced paste recipe as cal¬ 
culated from chemical analyses of the body (Ramsay 
el al., 2003) and an electron microscope study of the 
body of an ‘A’-marked cup (Freestone, 1996) dem¬ 
onstrate that the ‘A’-marked group can equally be re¬ 
garded as ‘glassy’ both on the basis of the calculated 
ingredients (up to 50 wt% glass frit) and the ob¬ 
served fired body composition. Modally, the glass 
component of analogue 1744 patent wares, inferred 
to represent ‘A’-marked wares, approximates some 
70 volume% of the body (Ramsay et al., 2004a). The 
problem here is that the use of the term glass or glass 
frit immediately begs comparison with the low-fir¬ 
ing French frit porcelains, what Solon (1903) de¬ 
scribes as, 

It was, in all probability, the same sort of soft 
porcelain that the makers of Saint-Cloud. Lille, 
and Chantilly had, long before, vulgarized in 
France, and the secret of which, having crossed 
the channel, was chiefly instrumental in the es¬ 
tablishment of several English factories. 

Owen (in press) notes that three petrological 
methods present themselves as an approach to the 
classification of soft-paste porcelains, namely a 
mineralogically-based scheme, a normative-based 
classification analogous to the CIPW nonnative clas¬ 
sification of igneous rocks (Cross et al.. 1902), and a 
classification based on elemental compositional data 
derived from chemical analysis. Owen argues that the 
elemental system Si0 2 -Al 2 0,-Mg0-Ca0-Pb0-P 2 0 5 
adequately encompasses most soft-paste porcelains 
and consequently a graphical classification can be 
based on planes located within or on the sides of a 3- 
dimensional figure (octahedron) using the above six 
components (Fig. 1). 

Such a scheme in our opinion is better than a 
normative classification as wc would question 
Owen’s comparison between porcelains and volcanic 
rocks. In the case of volcanic lavas the bulk of the 
rock, with the exception of any entrained xenoliths 
and possible cognate inclusions, has undergone ex¬ 
tensive if not total melting. With soft-paste porcelain 
bodies the melt phase or degree of vitrification is 
generally minor and such porcelains are more akin 
to migmatites, which have undergone but partial 
anatexsis or melting of the low-temperature compo¬ 
nents. We agree with Owen that a classification 
scheme based on compositional data offers a more 
rational and objective method for describing and 
classifying the bodies of English soft-paste porce¬ 
lains. However wc note that such a scheme is un¬ 
likely to be adopted by the majority of curators and 
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Fig. 1. Six-component octahedron after Owen (in press). Various combinations of these components can resolve the 
composition of most soft- and hard-paste porcelains. Owen notes that the alkalis (Na 2 0 and K 2 0) may in many instances 
comprise a small component of most porcelains but can be disregarded for classification purposes. Bow first patent porce¬ 
lains (‘A’-marked group), which are hard-paste, will plot within the external face Si0 2 - A1 2 0, - CaO, whilst Bow second 
patent porcelains (bone ash porcelains) plot within the body of the compositional octahedron. Bow magnesian composi¬ 
tions arc dominated by MgO-Si0 2 -Al 2 0 3 , +/- PbO +/- S. 


collectors working in the decorative arts and muse¬ 
ums where the traditional classifications, such as 
used by Eccles and Rackhant (1922), have been em¬ 
ployed extensively for many decades. Moreover sub¬ 
tle compositional differences, which will result in 
very different classification names, will only be sub¬ 
stantiated with detailed analytical techniques, a re¬ 
course beyond most museums and collectors. 

Using the Owen compositional classification, 
the ‘A’-marked. or Bow first patent wares, dominated 
by the elemental oxides Si0 2 , Al,0 3 , CaO and with 
negligible or non-existent PbO and P 2 0 5 , would plot 
within the face defined by Si0 2 -AI 2 0 3 -CaO (S-A- 
C). However, Bow first patent wares, or their ana¬ 
logues, comprise hard-paste bodies (Tiffin, 1874; 


Binns, 1898; Ramsay et al., 2004a; Ramsay and 
Ramsay, 2005a, b, 2006). Based on the amount of 
glass specified in the 1744 patent one might expect 
the resultant body to reflect a soft-paste frit porce¬ 
lain after the manner of the French soft-paste porce¬ 
lains (Solon, 1903; Burton, 1906). Both Binns 
(1898) and Ramsay ct al. (2004a) have noted that it 
is the presence and the amount of refractory China 
clay and not the glassy frit which defines whether 
the resultant body is soft-paste or a high-firing, hard- 
paste porcelain as observed in Bow first patent por¬ 
celain. Compositionally Bow second patent, 
soft-paste, phosphatic wares plot according to Ow¬ 
en’s classification in the system P 2 0 5 - 10xSO 4 - 
lOxPbO having >5 wt% P 2 0 5 . Furthermore, such 
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phosphatic wares plot in the phosphatic, plumbic 
phosphatic, sulphurous phosphatic, and the P-S-Pb 
fields of Owen (in press). In the case of magnesian 
compositions produced by Bow, a variety of recipe 
types have been provisionally recognised dominated 
by Mg0-Si0 r AI,O 3 , +/- PbO +/- S. 

THE BOW PORCELAIN MANUFACTORY 

By 1750 in East London a porcelain manufactory 
known widely as “New Canton" or more simply as 
“Bow” was operating and this concern had by 1755 a 
turn-over in china sold to the value of £18,115 8s 9d 
(Adams and Redstone, 1981: 55). The proprietors 
listed on the first extant insurance policy for the Bow 
China Manufactory with the Sun Assurance Com¬ 
pany and dated July 7'\ 1749 were Thomas Frye, a 
portrait painter and mezzotint artist, Edward Heylyn, 
a member of the Saddlers’ Company and an active 
merchant with the New World and John Weatherby 
and John Crowther - both glass sellers with a whole¬ 
sale pottery business at St Catherine’s-by-the-Tower. 
A fifth member of the group has generally been as¬ 
sumed to be Alderman George Arnold, a wealthy 
linen-draper, alderman of the City of London, and an 
apparent land speculator in the Carolinas. The first 
documentary evidence that at least two of these pro¬ 
prietors were interested in the manufacture of porce¬ 
lain relates to the so-called 1744 patent of Heylyn 
and Frye, which was filed in December 1744 and en¬ 
tered or “inrollcd” in April of the following year. 
This patent specifies the use of white clay known as 
tmeka 2 , the produce of the Chimkee nation in Amer¬ 
ica, and a glass, assumed to represent a lime-alkali 
glass, used in various proportions for both the porce¬ 
lain body and the glaze. These detailed specifica¬ 
tions have for various reasons over the last 100 years 
been both marginalised and underestimated by nu¬ 
merous workers and Ramsay et al. (2006) review the 
various reasons as to why these misconceptions and 
confusion have arisen. The conclusion arrived at by 
Ramsay et al. (2004a; 2006) is that the 1744 patent 
of Heylyn and Frye is a landmark document in the 
history of Anglo-American ceramics which has been 
largely disregarded and misunderstood by numerous 
ceramic historians. Moreover they contend that the 
1744 patent was not unworkable (Watncy, 1963, 


2 In this contribution, unless employing a direct quote, 
the Cherokee spelling uneka rather than the Anglicised 
version unaker is used. 


1973) and that arguably the most significant Anglo- 
American porcelains of the 18"' century are the prod¬ 
ucts of this patent. It is because of this reluctance for 
over a century to recognise and accept the veracity of 
the Heylyn and Frye patent that there have been such 
difficulties in recognising and accepting the brilliant 
products of this patent. The site of manufacture of 
these Bow' first patent U'ares is uncertain but is likely 
to be in the vicinity of Bow village, located on or 
close to the Middlesex-Essex boundary. 

Subsequently Thomas Frye filed a second patent 
in 1749 known variously as the Bow second patent, 
the 1749 patent or the 1749 patent of Thomas Frye. 
This patent stipulates the use of crushed silica, pipe 
clay, and a substance referred to as ‘virgin earth". It 
is widely regarded that it is this recipe or paste speci¬ 
fication, which sustained the factory through to clo¬ 
sure in 1774. Numerous detailed accounts and/or 
exhibitions of the Bow' factory and its output have 
appeared commencing with Hurlbutt (1926), fol¬ 
lowed by Tait (1959), and then more recently by 
Redstone and Adams (1981), Gabszewicz and Free¬ 
man (1982), Bradshaw (1992), Gabszewicz (2000a), 
and Bcgg and Taylor (2000). Current research (Ram¬ 
say and Ramsay, 2005a; Daniels, 2007) now recog¬ 
nises that the Bow proprietors were experimenting 
with and producing a third commercial recipe type 
resulting in magnesian-rich (steatitic) porcelains. 
The date range for these wares is uncertain but is 
tentatively suggested to range from the early to the 
mid 1740s. 


ARCHAEOLOGICAL BACKGROUND 

Archaeological evidence from the Bow factory site 
has particular significance to the evolution of the 
early English porcelain industry and summaries of 
the available archaeological data arc provided by 
Redstone (2004, 2005). The recovery of archaeologi¬ 
cal material from the Bow site in Stratford High 
Street, Essex, commenced when wasters were found 
during trenching adjacent to Bell and Black s Match 
Company in Hunts Lane, south of Stratford High 
Street, by a John Higgins Jr. and his sister in 1867 
(Chaffers, 1869; Hobson, 1905: 7; Hurlbutt, 1926: 
145). This site may have been adjacent to, or near, 
one or more of the kilns judging by the quantities of 
bricks cemented together with vitrified inner sur¬ 
faces. I lowever this is still conjecture as none of this 
material was recovered in place (Redstone, 2004). 
The next reported discovery was made in 1921 by 
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Aubrey Toppin (Toppin, 1922) during foundation ex¬ 
cavations at Messrs. VVilmer and Sons’ iron foundry 
near the corner of Marshgate Lane on the north side 
of Stratford High Street. Whilst a large variety of ar¬ 
tefacts were recovered, the stratigraphical context 
was not recorded. In 1936 a further small cache of 
unglazed and decorated wasters was recovered from 
Messrs. Wilmer and Sons’ iron foundry (Ramsay et 
al., in prep, b) whilst in 1969 excavations were un¬ 
dertaken (Redstone, 1969, 2004, 2005) located again 
on the north side of Stratford High Street. The first 
of six exploratory trenches was dug adjacent to Strat¬ 
ford High Street along the southwest corner of the 
property 32 - 66 Stratford High Street, currently oc¬ 
cupied by the Barrett Group. The next trench was 
dug further back to the northwest on the site a little 
closer to Bow Back River (site D: Redstone, 1969). 
Redstone records that at a depth of 5 feet (1,52m) a 
distinct layer of Bow biscuit wasters was found. This 
layer was above a hard compacted layer of pebbles 
and flints strewn with broken saggars, kiln pegs, 
partly burned coal, and unfired clay, which Redstone 
deduced represented the old back-yard surface of a 
factory. A wide range of useful wares in the biscuit 
was recovered with relatively few coloured wares. 

A further archaeological excavation was com¬ 
missioned by The Dane Group and undertaken at 
their factory at 14 -18 Stratford High Street, by the 
Newham Museum Service (Telfer, 1995). This exca¬ 
vation was necessary for planning permission to 
construct a lift shaft (Planning Application No. 
94/0657/Plan-Condition No. 3, Newham Council). 
Telfer (1995) reports. 

The structures and deposits revealed by the exca¬ 
vation at the Dane Group Factory suggest a con¬ 
tinuous industrial occupation of the site over a 
period of at least two hundred years. The earliest 
of these was a red brick wall, dating from the 
18 lh century and present at a depth of 1.15m 
below the current floor surface. It was identified 
as a southern exterior wall and is likely to have 
been related to the Bow Porcelain Factory. 

Telfer (1995) also reports that the Phase V layer, un¬ 
covered within the trench (1.6m by 1.4m), was prob¬ 
ably a re-deposited layer, in which was found a 
significant proportion of bottle glass and the pres¬ 
ence of kaolin clay. 

These collective studies have confirmed that the 
site of the Bow manufactory probably was located 
within 14-66 Stratford High Street. Toppin (1922) 
suggests that the factory occupied both sides of 
Stratford High Street with the northern site occupied 


first. Apparently someone called Bisouth (Toppin, 
1922) occupied the opposite site on the south side in 
1747. The general absence of any reported ceramic 
stratigraphy has meant that our current understand¬ 
ing of the chronological evolution of the Bow ce¬ 
ramic output, has relied on: 

1. dated and documentary wares (Tait, 1959); 

2. comparison of wares with contemporary docu¬ 
ments such as the Bowcock papers held by the 
British Museum (Chaffers 1869; British Mu¬ 
seum Additional MSS 45905); 

3. visual comparison of paste types, translucency 
and decoration (Hurlbutt, 1926; Adams and Red¬ 
stone. 1981; Gabszewicz and Freeman, 1982; 
Gabszcwicz, 2000a; Begg and Taylor, 2000); 
and 

4. stylistic comparison of shapes, palette, and deco¬ 
ration with wares produced in other contempo¬ 
rary ceramic concerns (Tait, 1959; Adams and 
Redstone, 1981). 

On going to press it has been reported that the Mu¬ 
seum of London Archaeological Service (MoLAS) 
has completed an excavation on the Dane Group site 
in Stratford High Street. The excavation has uncov¬ 
ered open yards and ancillary services with large 
quantities of broken ceramics and kiln furniture ap¬ 
parently dumped at the end of the factory’s life. 

WHEN DID THE 

BOW MANUFACTORY COMMENCE? 

Early writers have reported that initial experiments 
may have been undertaken as far back as the 1730s 
(Chaffers, 1863; Solon, 1903), possibly associated 
with a glasshouse owned by I Icylyn (Burton, 1921). 
Daniels (2003. written com., 2006) has suggested 
that the initial experimental kiln or furnace (fac¬ 
tory 1) might have been in Middlesex, whilst the 
next site (factory 2), where large quantities of wares 
were made as mentioned in Defoe (1748), might 
have been on the opposite side of the road in the 
Manor of Stepney, Middlesex. Here Heylyn and Ar¬ 
nold are recorded as having bought land in 1744 
(Gabszewicz, 2000a). In contrast, Ramsay et al., (in 
prep.) deduce that although initial experiments may 
have been undertaken on a property owned by 
Edward Heylyn, possibly in Middlesex, the Essex 
site across the river Lea, later to be enlarged as New 
Canton, was occupied from an early date. 

More recent writers have tended to discount a 
1730s inception for the Bow concern, preferring a 
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founding date from the middle to the late 1740s 
(Tait, 1965; Watney, 1963, 1973; Adams and Red¬ 
stone, 1981; Gabszewicz, 2000a, b). This uncertainty 
has been fuelled in part by doubts associated with 
the perceived efficacy and veracity of the 1744 pat¬ 
ent and the apparent absence of any documentary 
Bow porcelain dated prior to 1750 as observed by 
Adams and Redstone (1981) who comment that, 
the reluctance of many earlier writers to attribute 
any Bow porcelain to the period 1748 - 1750 is 
understandable in view of the uncertainties about 
the factory's commencement and the lack of 
pieces dated prior to 1750. 

While documentary porcelain from the factory 
relating to before 1750 may be lacking, there are vari¬ 
ous documents and accounts, which attest to the pres¬ 
ence of the concern referred to as Bow or New 
Canton during the late 1740s and very early 1750s. 
Firstly the Pelham Papers, where it is recorded that in 
February 1748-’ the Duchess 'Pd. For China made al 
Bowe £3.0.0" (Gabszewicz, 2000a: 13). Secondly the 
published advertisement in the ‘Daily Advertiser’ on 
26 ,h August, 1748 headed Bow China (Valpy, 1983). 
Thirdly the Marquess of Bute’s invoice dated 2 nd No¬ 
vember, 1749 and stating 'Bo of die Porcelain 
Comp. At New Canton ’ (Horn, 1990). In addition 
there is the General Clayton invoice from John Taylor 
of Pall Mall for a Bow ware sugar dish...4s. Od , sold 
on 21 February, 1749 (Adams and Redstone, 1981: 
85), the insurance policy with the Sun Assurance 
Company dated 7 lh July. 1749 and taken out in the 
names of Ilcylyn, Frye, Wcathcrby, and Crowther 
(Adams, 1973), and the reference for a large manu¬ 
factory lately set up in the village of Bow, in the 4 th 
Edition of Daniel Defoe’s Tour of Great Britain. This 
volume is thought to have been published around 
June 1748 (Tait, 1963) or July 1748 (Tait, 1965) al¬ 
though the information for this publication may have 
been collected by January - February, 1748 or at the 
earliest December 1747 (Tait, 1963) or by April, 1747 
(Daniels, 2003, 2007). Lastly the two letters by Alex¬ 
ander Lind to Lord Milton, both of which mention 
Bow and are dated 10 th April and 26 lh August, 1749 
(Charleston and Mallet, 1971: 113 115). At the time 

of going to press new correspondence was announced 
at the December 2006 meeting of the English Ce¬ 
ramic Circle in London (Bridge and Thornton, 2006). 
This letter by William Tomlinson Jun. dated 14 lh De- 


3 Gabszewicz gives the year 1748 which we suspect is in 
the Julian mode. If corrected to the Gregorian mode the 
year becomes 1749. 


cember, 1744 mentions a ceramic patent being 
granted and the Duke (of Bedford) having seen the 
earth front the Carolinas that they make it of. 

Possibly the most intriguing reference to Bow is 
to be found in a transcript of a partial letter by John 
Campbell, which is assumed to have been addressed 
to Arthur Dobbs of Carrickfergus, Ireland and housed 
in the Public Records Office, Belfast. In this corre¬ 
spondence Campbell mentions his visit to Bow, the 
presence of white clay, and his less than favourable 
impression as to the viability of the concern. Whilst 
both ball clays and fire clays have at times been de¬ 
scribed as white, we suggest that Campbell was re¬ 
ferring to white Cherokee clay or uneka, whose 

whiteness is referred to in the 1744 patent (. is ex- 

treamly white, tenacious, and glittering with mica ) 
and supported by visual inspection (Ramsay et al., 
2004a). We suspect that the reason that Campbell 
was allowed to visit the concern, known for its tight 
security, was because he was from North Carolina 
and the proprietors were hoping that he might have 
knowledge of other sources of this hard to obtain 
Cherokee clay. Campbell, himself both a trader and a 
land speculator, would almost certainly have been 
known to George Arnold, who appears to have been 
speculating in land in North Carolina since 1736 
(Cain, 1988). and to Edward Heylyn, who had vari¬ 
ous ships trading with the east coast of North Amer¬ 
ica at that time (Daniels, 2007). Moreover being an 
Ulster Scot, there are grounds for suspecting that 
Campbell may have been known to, or related to Ar¬ 
chibald Campbell, Duke of Argyll. Toppin appears to 
have been the first to draw attention to this fragmen¬ 
tary correspondence in his address to the English 
Ceramic Circle on May 9 lh , 1959, although we have 
so far been unable to locate a transcript of what was 
said. Tait (1959) referred to the Toppin discovery and 
he dated the Campbell letter as having been written 
on 24 lh June, 1749. In his subsequent publication Tait 
(1965) states correctly that the letter is in fact un¬ 
dated. Watney (1973: 9) claims without any apparent 
substantiation that this letter was written by a John 
Campbell L.L.D. on about 24 th June, 1749. Moreover 
Watney asserts that this author was, 

.a prolific writer and authority on industry 

and trade and on the European settlements in 
America. 

Hood (1968) correctly identifies John Campbell 
as the owner of the ‘Lazy Hill’ plantation on the 
Chowan River, North Carolina. Based on current un¬ 
published research we agree with Pat Daniels (writ¬ 
ten com., 2002; 2007), who was the first to recognise 
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the potential significance of this primary source 
document based on Campbell’s eyewitness account, 
that the letter may have been written considerably 
earlier than 1749, possibly as early as April or May, 
1745. We agree with Daniels (2007) that if the letter 
was written around April 1745 then Campbell’s on¬ 
site visit W'as of a still earlier date, possibly during an 
experimental phase at Bow. Research into this essen¬ 
tially overlooked document and the most likely date 
Campbell visited the Bow factory is nearing comple¬ 
tion. We suggest that John Campbell’s letter repre¬ 
sents potentially the earliest eyewitness account of 
any English porcelain concern, yet the significance 
of this document has been largely ignored. 

With the foregoing we accept the use of the term 
Bow first patent on the basis that the 1744 patent de¬ 
scribes the manufacture of porcelain during the early 
to mid 1740s, presumably in the vicinity of Bow 
based on the domicile of the two patentees at that 
time and the inferences based on continuing research 
into the Campbell letter. We agree with Daniels (2003, 
2007) that the earliest commercial Bow first patent 
wares probably date to 1743 if not earlier, which in 
turn raises the question as to how long was the pre¬ 
ceding experimental phase leading up to this produc¬ 
tion date? For an important account of this early 
experimental period stretching back to 1730 and the 
hitherto largely unrecognised role of The Royal Soci¬ 
ety of London reference is made to Daniels (2007). 

OVERLAPPING, SEQUENTIAL, OR 
PARALLEL DEVELOPMENT 

This account is based for simplicity on a sequential 
development of the Bow first patent of 1744 w ith its 
China clay formula, followed by the bone ash/ball 
clay body of the Bow second patent of 1749. How¬ 
ever it should be noted that several authors have, to 
varying degrees, implied or proposed parallel or over¬ 
lapping development of both paste types. Tait (1965: 
42) appears to have been the first to propose overlap¬ 
ping development though it is questionable whether 
he ever accepted the production of Bow first patent 
wares, other than possibly in a non-commercial 
form, 

.the basic idea of using bone-ash in porce¬ 
lain manufacture w'as first put into effect by 

Thomas Frye at Bow between 1744 and 1747. 

However Tait provides no justification for this 
assertion. Subsequently Daniels (2003, 2007) has 
suggested overlapping development of the two paste 


types. Even allowing for overlapping development, 
Errol Manners (written com.. December 2003) sug¬ 
gests that based on the apparent dichotomy of forms 
between the two patent types, there may have been a 
break in production between first patent wares (‘A’- 
marked wares) and second patent bone ash wares. If 
this suggestion has merit then one might suspect 
such a production break somewhere in the period 
from late 1745 to mid 1746. For simplicity this 
model has been adopted in this account, thus dating 
the earliest Bow' second patent phosphatic wares of 
the Developmental period from 1746. This date may 
possibly be a little too late, if one accepts parallel or 
overlapping development of the two paste types as 
proposed by Daniels (2007). Wc also note below the 
likelihood of an as yet unrecognised earlier experi¬ 
mental phase (Experimental period) associated with 
the second patent w r ares and this would suggest a 
date prior to 1746. To complicate matters even fur¬ 
ther it is now recognised that Bow was experiment¬ 
ing with and producing at least one other porcelain 
type, namely commercial high-magnesian porcelains 
which date to the mid 1740s (Ramsay and Ramsay, 
2005a; Daniels, 2007) as discussed below. 

PREVIOUS CLASSIFICATIONS OF 
BOW PORCELAIN 

A major problem to date in recognising and classify¬ 
ing the entire Bow porcelain output has been the un¬ 
certainty as to the identity of first patent wares. Two 
major exhibitions (Tait, 1959; Begg and Taylor, 
2000) have both claimed to survey the Bow factory 
output commencing from the first patent of 1744, 
yet in each case wares pertaining to the second pat¬ 
ent of 1749 only, were exhibited. Tait (1959) gives a 
detailed discussion of the historical situation as then 
known, leading up to the inception of the Bow man¬ 
ufactory and he speculates on the possible use of 
Cherokee clay or unaker imported from the Caroli- 
nas. Begg and Taylor (2000: 18) note that. 

Porcelain which fits the first patent has not been 
identified, but contemporary accounts indicate 
that actual production had commenced by 1747, 
if not before. 

In the same exhibition Gabszewicz (2000c: 13) 
raises the question whether representatives of the so- 
called ’drab group’ could represent. 

.the results of Frye's early experiments on 

the Middlesex side of Bow Bridge, at a site yet 
unknown and awaiting discovery? 
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We contend that any attempted classification and 
discussion of the Bow porcelain output must inte¬ 
grate all known paste types produced at Bow (mag¬ 
nesian, hard-paste Si-Al-Ca, phosphatic) and not 
merely concentrate on those phosphatic wares of the 
Bow second patent of 1749 alone. It is only through 
the recognition of the importance of composition in 
discussing early English porcelains that a better ap¬ 
preciation of the Bow manufactory and its output 
can be realised. 

The first serious attempt to classify Bow second 
patent phosphatic porcelain appears to rest with 
Hobson (1905), who bases his subdivision on three 
documentary wares held by the British Museum, 
namely a polychrome MADE AT NEW CANTON 
inkwell and dated 1750. the Craft bowl dated 1760, 
and a plate inscribed, Mr. Robert Crowther, Stock- 
port Cheshire January 1770. Hobson notes that the 
1750 inkwell has a white, glassy, body with a rich 
and lustrous glaze of a creamy tint. It is heavy and 
thick in structure, thus inhibiting any translucency. 
The Craft bowl of 1760 is described as almost 
opaque, with a white, soft, and chalky body, whereas 
the glaze although slightly creamy lacks the mellow 
luster of the former example. Lastly the Crowther 
plate is practically opaque and might almost be mis¬ 
taken for white earthenware of the ‘ironstone china’ 
type. Hobson also notes a high level of lead in Bow 
glazes. 

Subsequently Burton (1906) bases his subdivi¬ 
sion on three documentary groups or items, namely 
various inkw'ells dated 1750, the Craft bowl of 1760, 
and the Robert Crow'thcr plate of 1770. Based on 
these items, Burton regards the inkwells as belong¬ 
ing to the earliest, pre-phosphatic phase, which he 
describes as. 

These are nearly always thick in substance, and 

not very' skillfully fashioned.Where this 

early ware is thick it is quite opaque, but in thin 
parts it is translucent and has a beautiful, warm, 
creamy tone. The glaze on such pieces is some¬ 
times gathered up in drops or patches, when it al¬ 
ways has a distinct yellow tint, due to the high 
proportion of lead, and for some reason it has 
often become iridescent from surface decompo¬ 
sition. This is the ware which in all probability 

was introduced from France;. 

The second group related to the Craft bowl is de¬ 
scribed by Burton as, 

.but after a few years we find an entirely dif¬ 
ferent ware being used, which is much whiter in 
tone, and this ware undoubtedly contained bone- 


ash, probably added to make the earlier porcelain 
mixture more stable in firing. 

Finally the last grouping is referred to as. 

The third type of Bow ware, which was mostly 
made during the decadence of the factory, is of 
poorer quality, rather harshly white and not very 
transparent. It would be unwise to attempt to fix 
definite dates for these changes of composition 
in the body and glaze. 

Burton does attempt to recognise and integrate a dis¬ 
cussion of Bow first patent wares with the above 
classification, but unfortunately these attempts (Bur¬ 
ton, 1902, 1906, 1921) prove to be confusing as dis¬ 
cussed in some detail by Ramsay ct al. (2006). 

Hurlbutt (1926: 35) appears to have been one of 
the few ceramic researchers of early English porce¬ 
lain to attempt a classification of the Bow porcelain 
output, which integrates both first and second patent 
wares in a more coherent manner, based on correct 
versions of the two patents and not the inadequate 
Chaffers’ first patent version as initially published in 
1863. This misleading version of the first patent 
given by Chaffers still circulates the literature today 
and is repeatedly quoted despite expressed concerns 
by Jewitt (1878). While Hurlbutt failed to recognise 
the ‘A’-marked group as the products of the first pat¬ 
ent, he nevertheless argued that any surviving first 
patent wares would be a glassy porcelain comprising 
a glassy frit mixed with China clay imported from 
America. Hurlbutt recognised four main periods 
(Table 1). The first period was 1744 - 1749 when 
glassy first patent porcelains with modifications 
were produced. The second period of 1749 to about 
1754 saw phosphatic frit porcelain made according 
to the Bow second patent. The third period of about 
1754 to about 1758 or 1760 resulted in porcelain 
composed of phosphatic frit No. II mixed with a por¬ 
tion of ground-up Oriental porcelain wasters (Chi¬ 
nese and Japanese hard-paste porcelain) instead of 
pipe clay. The final period recognised by Hurlbutt 
runs from 1758 to the close of the factory in 1776 
and during this phase he proposes that a modified 
and improved phosphatic body, more nearly ap¬ 
proaching that of Chelsea, was employed. Hurlbutt 
argues that the resemblance to Chelsea became even 
greater after 1765, when, subsequent to Sprimont’s 
second illness and the first attempt to sell the Chel¬ 
sea factory, a large number of the Chelsea workmen 
found work at Bow and Worcester. 

In the case of the various glazes used by Bow, 
Hurlbutt (1926: 36) records that the glaze on first 
patent wares used between 1744 - 1749, comprises 
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the same materials as found in the body but with a 
larger proportion of the fusible glassy frit, to ensure 
that the glaze would commence to fuse at a lower 
temperature than the body. This glazing procedure, 
in the manner of Meissen or the Chinese, was used 
by Heylyn and Frye as a crude but efficient optical 
pyrometer to indicate when the porcelain body was 
on the verge of becoming pyroplastic during kiln-fir¬ 
ing (Ramsay et at., 2004a). Hurlbutt believes that the 
resultant glaze would contain an appreciable propor¬ 
tion of infusible China clay and consequently he 
speculates that the glaze would probably be not quite 
transparent and would be most likely of milky opac¬ 
ity. Hurlbutt notes that subsequently a lead glaze was 
employed from 1749 - 1776 and because of the ex¬ 
cessive amount of lead in its composition the glaze 
required a considerable tinting of smalts (cobalt frit) 
to clear it. However he recorded that some pieces, 
such as part of the white-glazed sprigged ware anti 
the red. green, blue, yellow, and gold Imari patterns, 
were not so tinted and are characterised by a rich, 
creamy body and glaze. 

In 1927 Donald A. MacAlister published a 
chemical classification of English frit porcelains in 
The Burlington Magazine. In the case of Bow he 
recognises four groups, with three all dated to 1750. 
Two of the four groups lack the presence of lead, the 
first having just enough calcium to satisfy the 
amount of bone ash present, whilst the second hav¬ 
ing an excess and having an unknown date. The sec¬ 
ond two groups both dated to 1750 by MacAlister 
have detcctiblc lead as PbO under 2 wt% with the 
first group having enough calcium to satisfy stocio- 
metrically the amount of bone ash present and the 
second group having an excess of calcium. MacAli¬ 
ster (1927) suggests that this excess calcium may 
have been added independently of that contained in 
the bone ash but fails to recognise the potential role 
that gypsum, as noted by Wedgwood, would have 
played in providing excess calcium to the porcelain 
body. 

In more recent times the first comprehensive 
classification of Bow second patent porcelain is by 
Tait (1959). Tait groups the various exhibited items 
into four divisions (Table 1). The pre-1750 examples 
are characterised by a distinctive mushroom-grey or 
‘drab’ appearance, whereas the divisional break at 
1758 - 1759 apparently has more to do with the re¬ 
tirement of Thomas Frye rather than any obvious or 
recognisable change in porcelain composition, form, 
or decoration. Watney (1963, 1973) employs a three¬ 
fold classification for Bow underglaze blue wares 


(Table 1) with a divisional break at 1763 -1764, ap¬ 
parently reflecting the bankniptcy of John Crowther 
and again unrelated to any obvious change in the 
physical appearance or decoration of the porcelain 
of that period. Adams and Redstone (1981) subdi¬ 
vide the Bow second patent wares into various 
groupings (figures, enamelled, transfer printed, etc) 
and then further subdivide on a chronological basis 
(Table 1). In the case of enamelled wares, Adams 
and Redstone (1981:116) recognise earliest (pre- 
1750), middle (1750 - 1758), and later enamelled 
wares (1759 - 1776). For figures they use a twofold 
classification into Bow figures prior to the Meissen 
influence (1747 - 1752) and figures including ani¬ 
mal models produced post-1752 through to 1775. 
They follow Watney (1972) in the subdivision of 
transfer printed wares and recognise five subdivi¬ 
sions, which extend from c.1754 into the 1760s. 

In discussing underglaze blue wares Adams and 
Redstone note that it has been customary to divide 
the manufacture of this group into three periods, 
1750 - 1754, 1755 - 1763, and 1764 - 1776, no 
doubt reflecting Watney’s earlier classification. 
However in their subdivision of these wares they also 
use early, middle, and late but with a different date 
range from Watney. Their early period for underglaze 
blue wares ranges between 1747 - 1752, their middle 
period from 1753 - e.1765, and their late period 
from apparently c. 1765 - 1776. They note that the 
traditional approach in applying a time scale to a 
factory output is to use dated wares as a framework. 

1 lowever, as noted previously, they draw attention to 
various limitations to this approach. 

Adams and Redstone (1981) also refer to an ad¬ 
ditional classification that chronologically encom¬ 
passes all second patent Bow ceramics regardless of 
form or decoration. Because this classification is 
discussed on separate pages in their book (pages 98, 
109, 110, 168, 169, 238) it has not perhaps received 
the full recognition it deserves, yet many collectors 
of Bow porcelain will recognise the simplicity and 
veracity of this classification, based on visual appre¬ 
ciation of the paste and indeed may have been using 
it themselves either consciously or unconsciously. 

On page 109 Adams and Redstone write. 

The body used for the early white wares is the 
dense, tough, often surprisingly translucent one 
common to the factory’s products of the years 
1748 - 54. Where variation occurs, it appears to 
be more in the firing than in the basic body com¬ 
position.At some time during the mid-to- 

late fifties, the quality of the body deteriorates. 
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They continue on page 109 with regard to porcelains 
made after the mid to late fifties, 

The most striking change is in the decreased 
translucency, which may be due to underfiring; 
but the possibility of some change of body com¬ 
position cannot, on present evidence, be 
excluded. 

On page 168 they note, 

the porcelain body at Bow deteriorates towards 
the middle fifties. It becomes more porous and 
less translucent and lighter in weight. 

On page 169 Adams and Redstone state. 

The quality of the body thenceforward is reason¬ 
ably consistent until some time after 1770, when 
there is a further deterioration. The late Bow 
body has been and still is occasionally mistaken 
for pottery. 

The advantage of this classification by Adams and 
Redstone is the attempt to categorize the entire sec¬ 
ond patent phosphatic output based on the visual ap¬ 
pearance of the porcelain body irrespective of form, 
decoration, or historical events at the factory site, 
such as the retirement of Thomas Frye. 

Tite and Bimson (1991) using the analytical re¬ 
sults derived from four Bow items, recognise a com¬ 
positional break in the mid 1750s based on the 
presence of sulphur assumed by them to represent 
the addition of gypsum. They however give no ac¬ 
knowledgement to the prior observations for this vi¬ 
sual break in the quality of the porcelain made by 
previous workers such as Adams and Redstone. 
Bradshaw (1992) subdivides Bow figures into three 
periods namely c. 1748 - 1753, c. 1754 1764, and 

c. 1765 - 1774. In the case of the Bow figures from 
the earliest period, Bradshaw observes that the mod¬ 
els may be constructed either from a compact paste 
clad in a greyish glaze or may have a granular body 
that has a creamy appearance. 

Godden (2004a) subdivides the Bow underglaze 
blue output into three groups (Table I), c. 1749 (or 
1750) to 1754 (First period), c. 1755 to 1763 (Middle 
Period), and c. 1764 to 1770s (Later period); a classi¬ 
fication which closely follows that proposed by Wat- 
ney. The first period wares are described by Godden 
as tending to have a hardish, glassy-looking, dense 
body, which feels rather heavy. The glaze is de¬ 
scribed as having a lard-like appearance. In the post- 
1755 period the body of Bow underglaze blue wares 
becomes more open and floury, less dense, and ap¬ 
parently lighter in weight than earlier examples. The 
glaze tends to become slightly blued, especially 
where it has pooled around footrims. In the case of 


the later period Bow, Godden notes that potting for 
both the middle and later periods tends to be rather 
thick and for porcelains of the early to mid 1770s, 
Godden quotes Watncy stating that such wares are so 
under-fired as to resemble earthenware. 


PROPOSED CLASSIFICATION OF 
BOW PORCELAIN 

In developing this proposed integrated classification 
of the entire recognised Bow porcelain output, ap¬ 
proximately 50 ceramic items of Bow porcelain, 
some documentary, from private and major public 
collections (Fig. 2) were subjected to micro-analyti¬ 
cal techniques and from these analyses the theoreti¬ 
cal recipe used in each case was calculated. Three 
published recipes pertaining to Bow paste composi¬ 
tions are also noted (the 1744 and 1749 Bow patents 
and the Josiah Wedgwood formulation of 1759) and 
all three are examined in the light of these analyses 
(Fig. 3). Based on the calculated paste compositions 
three major groups of Bow wares are recognised, 
namely a hard-paste Si-Al-Ca body with an associ¬ 
ated Si-Al-Ca glaze (Bow first patent wares or 71 '- 
marked period c. 1743 - 1745), a soft-paste, bone 
ash body with a Si-Pb glaze (Bow second patent 
bone ash wares c, 1746 - 1774), and a magnesian 
(steatitic) body tentatively dated to the early to mid 
1740s. 

Of the Bow second patent wares five recipe 
classes are identified. These are the Bow second pat¬ 
ent Developmental period (c. 1746), the Bow second 
patent Early or New Canton period ( c. 1747 - 1753), 
the Bow second patent Transitional or Target period 
(1754), the Bow second patent Middle or Bowcock 
period (1755 - c. 1769), and the Bow second patent 
Late or Tidswell period (c. 1770-1774) as shown in 
Table 1. In addition a high-lead sub-group which 
straddles both the Developmental period and the 
New Canton period is defined by > 1.25 wt% PbO. A 
sixth grouping ( Experimental period) and extending 
back in time prior to 1746 is postulated allhough un¬ 
equivocal examples of this period have as yet not 
been recognised. These various changes in recipe 
type are linked with visual attributes of the porcelain 
wares (body, glaze, and translucency) as initially 
proposed by Adams and Redstone (1981) and a com¬ 
prehensive classification from the collector’s and 
museum curator’s viewpoint is presented. 

During the analytical work associated with this 
research a third major body type, namely a high- 
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Fig. 2. Proposed chronological classification scheme for Bow first and second patent porcelains showing most of the 
items analysed and for which ceramic recipes have been calculated. In one or two instances lack of room has meant that 
some analysed items have not been depicted. Suggested time ranges for each item are shown as vertical black lines; dated, 
or documentary items, are shown without this time range. The number inserted with each item refers to the numerical list 
given in Appendix 2. 


magnesium porcelain has been recognised (Ramsay 
and Ramsay, 2005a, Daniels, 2007). Research into 
this third major porcelain type, apparently pioneered 
by the Bow proprietors, is continuing and initial 
comments are given below. A fourth body type 
should also be borne in mind. Simeon Shaw (1837) 
recorded that the potters of both Chelsea and Bow 


used well-washed (silica) sand from Alum Bay on 
the Isle of Wight, ground cullet. and pipe clay (ball 
clay). The fired body was then in turn covered with a 
lead glaze. A\lthough little credence has been given 
this record we see no obvious reason why Shaw’s ob¬ 
servation should be dismissed out of hand and Ram¬ 
say et al., (2006) note that such a recipe should 
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Bow Paste Compositions 1743-1776 



Fig. 3. Key calculated paste recipes used in this contribution. Down the left-hand side of the diagram arc three reported 
recipe formulae (1744 and 1749 patents and the Wedgwood formulation of 1759). In the case of the 1749 patent specifica¬ 
tion the composition of virgin earth during the New Canton period is deduced as comprising 90% bone ash, 10% cullct. 
During the Developmental period, virgin earth is deduced to have contained, in addition, a small component of gypsum or 
possibly alum. The Wedgwood formulation of 1759 has been ‘corrected’ and its revised recipe is given as shown in Table 7. 
Documentary items for which recipes are calculated are the Target bowl (1754), the Bowcock bowl (1759), the ‘Success to 
Trade’ bowl (1762). and the Tidswell mug (1772). For the New Canton period (c. 1747 - 1753) the figure of Kitty Clive in 
the white from a private collection has been used to represent this group and by analogy with a similar dated item in the 
Fitzwilliam Museum is assumed to approximate a date of 1750. 

correspond to that found in Chelsea triangle period arnples of these porcelain masquerading as early 
wares. It is not inconceivable that Bow did use such Chelsea, Longton Hall, or even Girl-in-a-Swing 
a recipe and if so, we suggest that there may be ex- porcelain. 
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Analytical method and comparison with previous 
analyses 

The classification of Bow porcelain proposed in this 
paper is based on the analytical results obtained 
through the analysis of small amounts of ceramic 
powder obtained from a number of Bow porcelain 
items. This ceramic powder (and where required as¬ 
sociated glaze material) was obtained by lightly 
abrading unglazed basal footrims or chipped sur¬ 
faces of each porcelain item. Samples of abraded ce¬ 
ramic powder and glaze were mounted in PVC 
blocks and each block was then polished. 

Presented in Table 2 are the comparative analyti¬ 
cal results obtained from four Bow second patent 
porcelain items, by Eccles and Rackham (1922) 
using classical gravimetric methods and by Tite and 
Birnson (1991) and in this study using scanning 
electron microscope (SEM) techniques with an at¬ 
tached energy-dispersive X-ray spectrometer. In the 
case of the Titc and Birnson analyses, the results 
were obtained from solid fragments of porcelain, 
whereas the analytical results obtained in this study 
were from abraded powder. The four items analysed 


were a white moulded pedestal sauceboat with gild¬ 
ing (B20), a portion of a white primus coffee cup 
(B16), a portion of an underglaze blue leaf dish 
(B18), and a fragment of an underglaze blue bow'l 
(B43). The first three items, from the collections of 
the Victoria and Albert Museum, have each been an¬ 
alysed by all three groups of workers, whereas the 
last (B43) held by the British Museum, was analysed 
by Titc and Birnson and for this study. In the case of 
this study it should be remembered that the SEM 
analyses carried out were on small amounts of pow- 
der and any inhomogeneity in the porcelain body or 
in the sample collection and preparation will be re¬ 
flected in the final analysis. Where powdered mate¬ 
rial is used for SEM analysis the count rates arc 
invariably lower than where solid ceramic material is 
used. Consequently detection levels in the former 
are poorer and precision may be lower. 

With the white sauceboat there is reasonable 
agreement in most instances for the various elements 
between the various authors, however the amount of 
PbO reported by Eccles and Rackham (1.75 wt%) is 
probably in error as the other two analyses record 
levels of PbO below detection level. In the case of 


A B CD 



1 

2 

3 

1 

2 

3 

1 

2 

3 

2 

3 

Si0 2 

43.58 

45.6 

46.4 

55.1 

50.7 

58.4 

50.38 

49.2 

50.31 

51.2 

50.8 

Ti0 2 

nd 

0.5 

0.3 

nd 

0.2 

0.2 

nd 

0.3 

0.3 

0.3 

0.3 

ai 2 o 3 

8.36 

8.7 

8.5 

16.50 

5.6 

4.3 

7.78 

5.6 

5.3 

5.6 

4.7 

FeO 

nd 

0.5 

0.4 

trace 

nd 

0.2 

nd 

0.3 

0.3 

0.3 

0.3 

MgO 

0.6 

0.6 

0.4 

0.40 

0.4 

0.4 

trace 

0.3 

0.3 

0.6 

0.4 

CaO 

24.47 

23.6 

23.0 

15.12 

23.8 

18.8 

24.87 

24.5 

22.87 

23.2 

22.6 

Na 2 0 

1.2 

0.8 

0.67 

0.31 

0.5 

0.7 

0.70 

0.5 

0.85 

0.6 

0.2 

K 2 0 

0.85 

1.1 

0.95 

0.70 

0.7 

0.5 

0.53 

0.6 

0.55 

0.6 

0.7 

P,0, 

18.95 

18.6 

19.4 

11.50 

15.8 

14.9 

13.66 

16.2 

16.28 

15.3 

17.9 

PbO 

1.75 

bdl 

bdl 

? 

bdl 

bdl 

1.49 

0.4 

0.2 

0.4 

bdl 

S0 2 

nd 

bdl 

bdl 

nd 

2.0 

1.6 

nd 

2.1 

2.75 

1.9 

2.1 

Total 

99.76 

100.0 

100.0 

99.63 

99.7 

100.0 

99.41 

100.0 

100.1 

100.0 

100.0 


1. Eccles and Rackham, (1922) 

2. Tite and Birnson, (1991) 

3. this study 

A. white moulded pedestal sauceboat with gilding (V&A: C.673-1920; B20) 

B. portion ofa white applied prunus colTee cup (V&A: C.590-1919; B16) 

C. portion of an underglaze blue leaf dish (V&A: C16-I920; B18) 

D. fragment of an underglaze blue bowl -1756 (Brit. Museum Research Lab. 32703; B43) 

bdl below detection level 

nd not determined 

? uncertain whether below detection level or not determined 

V&A Victoria and Albert Museum 


Table 2. Comparative analyses by Rackham and Eccles (1922), Tite and Birnson (1991), Ramsay and Ramsay (this study) 
of various Bow items. 
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Na 2 0 value of 0.67 wt% recorded by us is probably a 
little too low. Dorset ball clays have around 0.4 wt % 
Na,0 (Table 3) and this clay comprises approxi¬ 
mately 25 wt% of the porcelain body associated with 
the Developmental. New Canton, and Taiget periods 
as shown in this study. On that basis there should be 
at least 0.1 wt % Na ; 0 in the body of the porcelain. 
With the further addition of glass cullct, which com¬ 
prises some 5 wt% of these bodies, a value of at least 
0.8 wt% Na 2 0 is more likely based on the assump¬ 
tion that many mid 18 lh century alkali glasses had 
Na 2 0 levels in the vicinity of 2 - 4 wt% . 

With the white prunus cup the problem of the de¬ 
termination ofATOj gravinietrically is shown in the 
results obtained by Eccles and Rackham and their 
value of 16.5 wt% A1 : 0, is regarded as incorrect. 
Both Tite and Bimson and this study report values of 
5.6 and 4.3 wt% Al 2 0 3 respectively. The values for 
Si0 2 , CaO, and P 2 0 5 are somewhat variable between 
all three analyses. In the case of the underglaze blue 
leaf dish, both Al 2 0, (7.78 wt%) and PbO (1.49 
wt%) as determined by Eccles and Rackham are 
most likely too high, whereas CaO (22.87 wt%) ob¬ 
tained for this study is probably a shade too low. 
Both Tite and Bimson and this study broadly agree 
on the amount of sulphur expressed as S0 2 (2.1 and 
2.75 wt%) present in the body. Finally in the case of 
the underglaze blue bowl, which was not analysed by 
Eccles and Rackham, there is broad agreement be¬ 
tween Tite and Bimson’s results and our analysis, 
with the exception of P 2 0 5 , thus giving the Tite and 
Bimson analysis a bulk Ca0/P 2 0 5 (molecular pro¬ 
portions) 3.84 and our analysis 3.20. We question the 
value of 0.4 wt% PbO recorded by Tite and Bimson. 
Based on our work we conclude that lead was typi¬ 
cally absent during the Bowcock period and we sug¬ 
gest that there was negligible lead in B43. 

BOW FIRST PATENT PORCELAINS 

The key document, which has led to the recognition 
of the identity of the Bow' first patent porcelains, is 
the 1744 patent of Fleylyn and Frye. Yet for over one 
hundred years this document has been marginalised, 
underestimated, and at times dismissed as not worth 
the paper it is written on (Burton, 1902), entered 
merely to make a porcellaneous material and not 
wares themselves (Tait, 1959), cautious (Tait, 1959), 
almost certainly unworkable (Watney, 1963, 1973), 
and experimental (Bradshaw, 1992). In a detailed 
discussion of this patent, Ramsay et al. (2006) sug¬ 


gest that such claims and attitudes may be without 
foundation. They contend that a combination of cir¬ 
cular arguments, an unfortunate abridgement of the 
patent’s wording (Chaffers, 1863), an incorrect com¬ 
position for the glass frit as used in the patent 
(Church. 1881, 1885) and utilised by Burton (1902) 
in his failed attempts to replicate Bow first patent 
porcelains, a quote from the patent taken out of con¬ 
text regarding the manufacture of a certain material 
whereby a ware might be made (Tait, 1959), and un¬ 
substantiated claims by Watney (1963, 1973) possi¬ 
bly derived from Burton that the uneka- based 
formula was almost certainly unworkable, have all 
combined to diminish the significance of what Ram¬ 
say et al. (2004a, 2006) regard as a landmark docu¬ 
ment in the history of Anglo-American ceramic 
development. 

The startling feature of the Bow first patent of 
1744 is that it specifies a clay, or earth, the produce 
of the Cherokee nation and referred to by these peo¬ 
ple as uneka. Other contemporary documents can be 
inferred to support the patent in its claim that the 
source of the clay was located in the New World, on 
the reasonable assumption that these documents 
refer to the same ceramic concern. William Cook¬ 
worthy in his letter to his friend Dr llingston. both 
identifies the composition of the clay as China clay 
and its source as being ‘on the back of Virginia’. 
Robert Dossie (1758) states that this kaolin was 
found ‘on the back of Carolina’. This minor discrep¬ 
ancy in location of the clay or earth is discussed by 
Gilmer (1948), who notes that the location of the 
North Carolina-Virginia State border on the ground 
w r as uncertain in the 1740s. Furthermore the word 
uneka (spelt ttnaker in the patent and in most subse¬ 
quent publications) is a Middle Cherokee word for 
white (DeVorscy, 1971), thus suggesting an associa¬ 
tion with someone who had knowledge of the Chero¬ 
kee people. Finally these two documents specify that 
an agent was, or had been sent to procure supplies of 
this clay, with Dossie recording that the factory con¬ 
cerned, which had an interest in this China clay, was 
located near London. This specified location near 
London with an interest in China clay eliminates vir¬ 
tually all know'll porcelain concerns of the day with 
the possible exception of Bow and the little under¬ 
stood concern at Greenwich. 

Tait (1963: 200) correctly observes that the loca¬ 
tion of this clay w f as somewhere in the remote hinter¬ 
land in the territory of the Cherokee Indians, though 
he fails to substantiate the basis for its discovery date 
by Andrew Duche as being 1739. However in the 
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same publication Tait confuses this location with a 
second locality, which he claims was on Dobbs’ land 
near water in Edgecombe County, North Carolina. 
To confuse matters even further Tait (1963: 203) 
states that this clay from Edgecombe County became 
‘Duche’s mines in America’ and he further proposes 
with little supporting evidence that the clay was im¬ 
ported as ballast into Britain and used in second pat¬ 
ent phosphatic wares. This confusion between China 
clay, pipe clay or ball clay, and the two Bow patents 
has occurred at numerous times (Tait, 1963; Fisher, 
1965; Adeney, 2003). G. Stevenson (written com., 
October 2004) records, 

It is my opinion that Campbell sent to his un¬ 
known correspondent a small box with a sample 
of white clayey marl. Campbell’s brother-in-law, 
Alexander McCulloh of Elk Marsh, lived in the 
northern part of Edgecombe County (now 
Halifax County) where one finds clayey shell 
marls of the Miocene that show a range of cal¬ 
cium carbonate from 36% to 87%. He, Campbell, 
thought it resembled what he had seen at Bow 
and sent a sample to his correspondent for his 
opinion on the subject. 


If Stevenson is correct with respect to the Edge¬ 
combe County location, then the chemical composi¬ 
tion of this calcareous earth grading to a fossiliferous 
limestone containing between 36 - 87% CaCOj, 
would effectively deny that this material was ever 
used at Bow. Moreover mining records for this 
county in North Carolina fail to identify any mining 
and export of clay during this period. Freestone 
(1996) suggests that the most likely source of the 
uneka or China clay was to be found at Spruce Pine 
or in the Franklin region of far west North Carolina. 
Ramsay et al. (2001) explored the region north of 
Franklin, Macon County, NC and discuss in some 
detail the likely locality of this clay in the catchment 
of the Little Tennessee River. They identify the most 
likely mine site, they provide both a chemical analy¬ 
sis and the mineraology (90% halloysilc and 10% 
kaolinite) of a purified sample of this white clay 
(Table 3), and they further note that Watts (1913) 
may have been the first modern authority to link this 
locality with Bow. 

The composition of the glass frit used in the pat¬ 
ent has been subject to some debate. In 1885 Church 
published his book English Porcelain and in it, based 


1 2 3 4 5 


Si0 2 

44.8 

52.0 

54.0 

54.4 

62.69 

Ti0 2 

0.010 

0.95 

1.30 

1.3 

bdl 

A1A 

38.4 

32.0 

30.0 

30.2 

0.49 

FeO 

0.04 

1.3 

1.2 

1.2 

0.76 

MgO 

0.03 

0.51 

0.40 

0.4 

29.93 

CaO 

0.06 

0.26 

0.30 

0.3 

0.30 

K 2 0 

0.33 

3.1 

2.9 

2.9 

0.02 

Na 2 0 

0.06 

0.46 

0.35 

0.35 

0.03 

LOI 

16.25 

9.5 

8.9 

9.0 

5.48 

Total 

100.00 

100.08 

99.35 

100.0(5) 

99.70 

kaolinite clay (uneka), Iotla Mine, Macon County, NC (Ramsay et al., 2001: Table 1). This total includes P 2 0 5 0.02 and MnO 
<0.01 wt%. Iron is reported as Fe,Oj. A significant list of trace elements for this clay is given by Ramsay et al. (2001). The 
sample comprises halloysitc -90% and kaolinite ~ 10 wt% and it is proposed that this clay was used in Bow first patent wares 
ball clay, Crcckmore Sequence, Dorset. Mean analysis based on extensive sampling by Imerys Minerals (A. Deeming, written 
com., January 2003) 

ball clay, Broadstone Sequence, Dorset. Mean analysis based on extensive sampling by Imerys Minerals (A. Deeming, written 


com., January 2003) 

4. ball clay, Broadstonc Sequence, Dorset. Analysis No. 3 normalised to 100 wt% 

5. talc (Deer et al., 1992: Page 329, No. 3) 

LOI loss on ignition 
bdl below detection level 


Table 3. Chemical analyses for various clays deduced to have been used at Bow. 
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on his 1880 cantor lecture (Church, 1881) states that 
the glass frit comprised one part potash (potassium 
carbonate, K 2 CO,) and one part sand or flint (silica, 
Si0 2 ), 

The two patents taken out in connection with the 
Bow works disclose two essentially different 
porcelain-bodies. The 1744 specification of 
Edward Heylyn and Thomas Frye gives, as the 
ingredients, one part of potash, one part of sand 
or flint, and from one to four parts of a kind of 
porcelain-clay called unaker, from which the 
sand and mica had been removed by washing, 
from the Cherokee territory. North America: the 
glaze contained seven of potash-glass to one of 
unaker. 

However Church provides no basis as to why the 
only flux used in the manufacture of this glass was 
potassium, neither does he provide any reason why 
the proportions should be one part silica to one part 
potash. Subsequently Burton (1902) attempted to 
manufacture analogue 1744 patent porcelain wares 
using Church’s proposed glass composition but lie 
complained that such a glass composition, on being 
ground dissolved with u'ater and then on being 
mixed with China clay, set like cement. Burton’s 
judgment of the patent's specifications was that they 
were not worth the paper on which they were written 
and that no porcelain wares could have been made 
following the patent recipe. 

In a more recent investigation of the glass com¬ 
position (Ramsay et al., 2006) it is concluded that a 
potash glass composition, as initially proposed hy 
Church, is not in accord with the patent specifica¬ 
tions and that predicated on the use of kelp and other 
vegetable ashes (as specified in the patent) at least 
some sodium and the all important glass-stabilizer in 
the form of calcium (or even some magnesium) 
would have been present. Based on the results ob¬ 
tained through the firing of analogue 1744 patent 
wares, Ramsay et al. (2004a) suggest that the glass 
employed was a lead-free, lime-alkali glass with 
CaO ~10 wt%, Na,0 ~8 wt%, and K.,0 ~5 wt%. 
Minor levels of MgO ~2 wt% and even P 2 0 5 could 
also have been present (Freestone, 1996; Owen and 
Culhane. 2005). They further note that very low lev¬ 
els of lead found in some ‘A’-marked wares, indicate 
that the proprietors may have been buying bulk lots 
of glass cullet contaminated with a small component 
of lead-bearing glass, rather than manufacturing 
their own in-house glass as stated in the patent. 

Briefly, the patent requires this China clay or 
uneka (Binns, 1898; Dillon, 1904; Hurlbutt, 1926) 


and an lime-alkali glass to be mixed in various pro¬ 
portions ranging from 1 clay to 1 glass through to 4 
clay to 1 glass, and then to be formed into various 
shapes and fired at an inferred moderate temperature 
(~950°C) to the porous biscuit. Subsequently the 
wares, provided they emerged very white from the 
initial firing, were glazed using a diluted mixture of 
clay to glass and then fired at the final inferred tem¬ 
perature of 1279°C (heat-work level of Orton cone 9 
- 90° deflection at 15()°C per hour) as measured by 
Ramsay et al. (2004a). 

Professor Nigel Wood (written com., 2005) 
makes a significant comment that one of his research 
students has been working on crystalline glazes 
(high zinc) and has tested a range of mixtures of 
China clay and lime-soda glass to make what Wood 
describes as a mid-temperature glaze. Apparently 
this student obtained good results at I 170°C with a 
recipe of 70 glass ; 30 clay and at 1200°C this glaze 
became well matured. Wood also notes that the 1744 
patent gives a number of body recipes but one glaze 
recipe only. This suggests to him that unlike the 
Cookworthy patent, which was definitely a low-bis¬ 
cuit. hard-glost process, the 1744 patent proposed 
several high-firing body recipes but one lower-tem¬ 
perature glaze recipe, i.c. one glaze recipe fits all. 
We note that firstly the patent wording states. 

It is then to be dipt into the following glaze:- 

Take unaker forty pounds.and left of 

a proper thickness for the ware to take up a suffi¬ 
cient quantity. When the vessels, ornaments, &c, 
are dry, put them into the kiln in cases, burn 

them with a clean wood fire. 

From this quote we infer that the various wares 
were still porous after the initial low-biscuit firing 
when they were dipped in liquid glaze {...lake up 
sufficient quantity). When firing analogue 1744 pat¬ 
ent wares (Ramsay et al., 2004a) it was observed that 
it was difficult to get the glaze to stick to the un¬ 
glazed, high-fired, porcelain surface. Secondly we 
note that the patent deals essentially with a I clay : I 
glass body and we infer that the glaze specifications 
refer to that body. Although the patent specifications 
do mention other possible clay : glass ratios, these 
additional ratios to our way of thinking are written in 
a somewhat casual manner and there is no indication 
that the glaze specifications necessarily apply to 
these additional variations in body composition. 
Lastly our glaze composition using Cherokee clay 
and a lime-alkali glass fully matured at around 
1280°C. 
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Chemistry of Bow first patent wares 

Ramsay et at. (2001,2003, 2004a, b) have proposed 
that the products of the 1744 patent comprise the 
hitherto enigmatic ‘A’-marked group of porcelains. 
Collectively this group of porcelains, which numbers 
some 38 or 39 extant items, is chemically and miner- 
alogically unique among English porcelains (Table 
4) with SiC >2 varying from 59.5 - 65.2 wt%, AI 2 O 3 
from 19.5 27.7 wt%, and CaO 5.1 - 7.3 wt%, with 
Si 02 /Al 203 ~5.2 and SiC> 2 /CaO -10.8 (molecular 
proportions) (Ramsay et al., 2003, 2004a, b). Binns 
(1898) appears to have been the first to recognise 


that Bow first patent porcelains required the addition 
of a China clay and that the resultant body, depend¬ 
ing on the amount of China clay added, would have 
been hard-paste. Likewise Tiffin (1874) noted that 
early Bow porcelains would have been hard-paste 
but little credence appears to have been given to 
these highly important observations. Arthur Lane 
(1958) from visual observation, deduced that this 
porcelain group comprises some kaolinite clay and 
that compositionally these porcelains were of a hy¬ 
brid hard-paste composition. Subsequent work by 
Ramsay and Ramsay (2006) and Ramsay et al. 
(2004a; 2005a, b), who in concert with Binns and 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

SiOj 

61.8 

68.3 

59.5 

63.5 

65.2 

63.6 

59.7 

68.1 

74.4 

72.9 

75.6 

TiO z 

trace 


nd 

<0.2 

0.2 

<0.1 

bdl 

0.1 

bdl 

0.7 

0.8 

ai 2 o 3 

22.9 

12.2 

26.4 

19.5 

19.8 

23.2 

27.7 

11.7 

8.3 

10.9 

9.2 

FeO 

0.02 


nd 

0.3 

0.3 

0.3 

0.1 

0.6 

0.4 

0.6 

0.5 

MgO 

0.02 

1.8 

1.17 

1.2 

1.3 

1.3 

0.3 

1.0 

1.5 

0.8 

1.2 

CaO 

7.5 

7.5 

5.83 

6.1 

5.4 

5.1 

7.3 

13.6 

10.7 

6.5 

4.8 

Na 2 0 

7.7# 

6.0 

3.76 

4.2 

4.6 

4.3 

3.7 

2.2 

2.2 

2.6 

1.0 

K 2 0 


3.6 

2.76 

3.6 

2.2 

2.1 

1.2 

2.2 

2.5 

3.1 

2.9 

PbO 

bdl 

0.4 

nd 

0.4 

0.6 

bdl 

bdl 

0.4 

bdl 

1.2 

2.5 

P,0 5 

0.01 


nd 

0.5 

bdl 

bdl 

bdl 

bdl 

bdl 

0.4 

<0.3 

Sn0 2 

bdl 


nd 

trace 

bdl 

bdl 

bdl 

bdl 

bdl 

trace 

1.3 

S0 3 

bdl 


nd 

nd 

0.4 

bdl 

bdl 

bdl 

bdl 

nd 

nd 

Total 

99.95 

99.8 

99.42 

99.3 

100.0 

99.9 

100.0 

99.9 

100.0 

99.7 

99.8 

Various oxide ratios (wt%) 












3 

4 


5 

6 

7 

10 

11 


Si0 2 /Al 2 0 

3 

2.3 

3.3 

3.3 

2.7 

2.2 

6.7 

8.2 


Si0 2 /Na 2 0 

15.8 

15.1 

14.2 

14.8 

16.1 

28.0 

75.6 



1. theoretical composition ofbody made according to the 1744 patent (Ramsay et al., 2001). Na 2 0 and K,0 combined 

2. theoretical glaze composition made according to the 1744 patent (Ramsay el ah. 2003) 

3. teapot lid. V&A Museum, C. 207A-I937. Charleston and Mallet (1971: page 92). Charleston and Mallet (1971) No. 2 

4. W. W. Winkworth tinted cup; British Museum, M&LA 1995.11-3.1. Charleston and Mallet (1971) No. 17. Analysis reported 
by Freestone (1996) 

5. fluted cup; private collection. Charleston and Mallet (1971) No. 25. Analysis reported by Ramsay et al. (2003: B14) 

6. W. W. Winkworth teapot: private collection. Charleston and Mallet (1971) No. 14. Analysis reported by Ramsay et al. (2003: 
B51) 

7. covered sugar bowl; Melbourne Cricket Club Museum, M5369.1. Charleston and Mallet (1971) No. 10. Analysis reported by 
Ramsay et al. (2004b: B97) 

8. glaze composition to fluted cup (Ramsay et al., 2003) 

9. glaze composition to covered sugar bowl (Ramsay et al., 2004b) 

10. mean of 13 analyses of Limehouse porcelain body (Freestone, 1996) 

11. Pomona porcellaneous body (Freestone, 1993) 

nd not determined 

bdl below detection level 

# combined Na,0 + K 2 0 

Table 4. Chemical analyses of Bow first patent porcelains of the A ’-marked period (-1743 - 1745). 
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Fig. 4. Selected images of Bow first patent porcelains. This small group comprises refractory China clay deduced to have 
been sourced from the Carolinas and a glass frit. This recipe conforms in starting materials and the general proportions to the 
specifications contained in the 1744 ceramic patent of Heylyn and Frye. The resulting body is both high-fired and hard-paste. 
Fig. 4a, hexagonal teapot with replacement silver spout. East London, England, c. 1744 (B51). Hard-paste porcelain with an in¬ 
cised ‘A' to base. Height (H.) 78 mm. (Private collection). Decorated in the Kakiemon manner in a palette of iron red, bluish 
green, bright blue, yellow, black, and mauve. Compositionally this teapot comprises China clay (50.1 wt% - hydrous) and lead- 
free glass cullet (49.9 wt%). Fig. 4b, fluted decagonal cup, East London, England, c. 1744. Hard-paste porcelain, unmarked. 
H. 60mm. (Taylor collection). Fig. 4c, fluted decagonal cup. East London, England, c. 1744 (B14). Hard-paste porcelain with 
an incised ‘A’ to base. H. 60 mm. (Private collection, photograph by courtesy of Mercury Antiques.) This cup suggests the influ¬ 
ence of J. G. Horoldt's decorating studio at Meissen with trailing flowers in the indianische Blumen manner. Fig. 4d, fluted de¬ 
cagonal cup, East London, England, c. 1744. Hard-paste porcelain with an incised ‘A’ to base. H. 60 mm. (Private collection, 
photograph by courtesy of E. and H. Manners.) This cup is likewise decorated in the indianische Blumen manner with a brown 
line to the rim. It is a recent discovery, not listed by Charleston and Mallet, being sold by Dreweatt Neate, Newbury, October 9*, 
2002, lot 376. A companion unmarked cup with simple rolled handle, resides in the Cecil Higgins Museum, Bedford. Fig. 4e, 
covered sugar bowl, East London, England, c. 1744 (B97). Hard-paste porcelain with an underglaze blue ‘A’ to base. H. 78 mm. 
(Collection of the Melbourne Cricket Club Museum, accession No. M5369.1, photograph by courtesy of Erin O’Brien.) This 
bowl comprises China clay (59 wt% - hydrous) and lead-free glass cullet (41 wt%). It is decorated with four vignettes derived 
from ‘children’s pastimes’ and is part of a teaset, which includes in addition a teapot, cream jug, and three saucers. 
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possibly Tiffin (1874), argue that the porcelain body 
is in fact a hard-paste composition and hence would 
pre-date Cookworthy's ‘true hard-paste’ patent by a 
quarter of a century (Fig. 4). 

Lane (1958) includes a report on spectrographic 
analyses of four ‘A’-marked items by Bimson of the 
British Museum. In this account Bimson identifies 
the presence of Si, Al, Mg, Ca, Na with minor 
amounts of Cu, Sn, Pb, Mn, before exploring I lewelke 
or Cozzi attributions, both 18 th century factories lo¬ 
cated around Venice. 

The first reported partial analysis of an item of 
‘A’-marked porcelain is found in Charleston and 
Mallet (1971) based on an analytical report provided 
by Dr M. J. Hughes and M. Bimson. In this study the 
elements Si, Al, Ca, Mg, Na and K only were re¬ 
ported (Tabic 4). These results, coupled with the 
clear wording of the 1744 patent, the recognition that 
the ‘A’-marked group appeared to be of English deri¬ 
vation, and the prescient observations by Tiffin 
(1874), Binns (1898), Dillon (1904), llurlbutt 
(1926), and Lane (1958) constituted the basis for a 
not unreasonable deduction that there was a signifi¬ 
cant relationship between Heylyn and Frye, the ‘A’- 
marked group, a hard-paste porcelain body, and the 
1744 patent. In addition the first X-ray diffraction 
study of six samples from the collections of the Vic¬ 
toria and Albert Museum {Nos, 2, 3, 4, 6, 8, II 
(Charleston and Mallet. 1971:92)} is also presented 
and all six samples demonstrate the presence of a 
calcium plagioclase (-anorthite). Based on this 
work. Charleston and Mallet speculate that the either 
ball clay or China clay may have been used in the 
body and that if porcelain material produced under 
the 1744 Bow patent was a kind of modified hard- 
paste, its formula might have borne some resem¬ 
blance to that of the ‘A’-marked group. 

Freestone (1996) carried out an additional 
chemical analysis on the body of a fluted cup 
housed in the collections of the British Museum 
(M&LA 1995.11-3.1) and listed in Charleston and 
Mallet (1971) as No. 17. Unlike the partial analysis 
derived from the flange of a teapot (V&A C207A- 
1937) using a combination of atomic absorption 
spectroscopy and flame photometry as reported by 
Charleston and Mallet (1971), Freestone used a 
scanning electron microscope together with an at¬ 
tached X-ray analyser to obtain his analysis. In ad¬ 
dition, a partial qualitative analysis of the glaze on 
an ‘A’-marked teapot, also housed in the British 
Museum (M&LA 1938.2-15.1) was undertaken. 
Freestone reports that the body of the porcelain 


fluted cup comprises ‘islands’ rich in aluminium 
and calcium (Ca/Ca+Na -0.75 = calcium-bearing 
plagioclase; bytownite) set in a glassy alumino-sili- 
cate glass. He also reports the presence of minor 
amounts of a calcium magnesium-silicate and a sil¬ 
ica phase considered to represent relict glass or frit 
particles, which on analysis demonstrates the pres¬ 
ence of around 1% phosphate. Freestone notes that 
such low amounts of phosphate are the general lev¬ 
els found in many post-medieval glasses. The bulk 
composition of the body is given in Table 4, with 
SiO : 63.5 wt%, ALO, 19.5 wt%, and CaO 6.1 wt%. 
FeO, Ti0 2 , PbO, and P 2 0 5 were all shown to be low 
or below detection level. The partial analysis of the 
glaze gave around 10 wt% CaO, 4 wt% K,0. and 
around 0.5 wt% PbO. The critical elements Na 2 0 
and ALOj were not analysed. 

In his conclusions Freestone (1996), although 
noting the good correspondence between the 1744 
patent and ‘A’-marked wares, records clear parallels 
with the bodies produced at both Limehouse and Po¬ 
mona. We suggest that these parallels are not as close 
as Freestone might have suggested on the following 
grounds. Firstly the clay used by the Bow proprietors 
was a primary residual or China clay, containing 
very low-levels ofTi0 2 and FeO, whereas both Po¬ 
mona and Limehouse used what appears to have 
been a ball clay, probably derived from Dorset or 
even Devon, and characterised by significantly 
higher levels of these two colorant oxides. The China 
clay used at Bow was a refractory, high-firing clay in 
contrast to the more easily fusible clay used by both 
Pomona and Limehouse. Freestone (1996) recog¬ 
nises that a China clay may have been employed in 
the body of ‘A’-marked wares and to strengthen a 
possible Limehouse attribution, speculates that these 
wares might represent a special cargo of clay re¬ 
ceived at Limehouse, presumably from the Caroli- 
nas. Secondly the body of ‘A’-marked wares as 
specified in the patent, comprises two initial compo¬ 
nents, namely Cherokee clay and a glass frit. In con¬ 
trast ceramics from both Limehouse and Pomona 
contain a third component, in addition to glass frit 
and clay, and that is crushed or milled silica as noted 
by Freestone. A third significant difference between 
Bow first patent porcelain wares and Pomona and 
Limehouse products can be found in the levels of 
Si0 2 , A1 2 0 3 , and Na 2 0 with Si0 2 /Al 2 0 3 for ‘A’- 
marked porcelain ranging between 2.2 - 3.3 and for 
Limehouse in the order of -6.7, and Pomona -8.0 
(Table 4). Si0 2 /Na 2 0 for the ‘A’-marked porcelain 
body clusters around 15, whereas for Limehouse 
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around 28 and even higher for Pomona. Various dif¬ 
ferences in chemistry of the body between these 
three factories are graphically shown in discriminant 
ternary diagrams (Ramsay et a!., 2003). 

In the case of Bow first patent or ‘A’-marked 
glaze composition, two analyses are provided in 
Table 4. As recorded by Ramsay et al. (2003) the 
glaze is of a Si0 2 -ALO,-CaO type with negligible 
TiO,. FeO, and PbO. The key feature of this glaze is 
that it is most likely a high-firing glaze, assumed to 
have been fired al the same time as the body in the 
manner of both the Chinese and Meissen. This tem¬ 
perature has been recorded to be in the order of 
1280°C for a I clay : 1 glass frit body (Ramsay et al.. 
2004a). When plotted on discriminant ternary dia¬ 
grams (Ramsay et al., 2003) it can be shown that 
Bow first patent glazes are unique for 18 th century 
English compositions with possibly the closest glaze 
compositions recognised to date for that period oc¬ 
curring on the hard-paste porcelains of Plymouth 
and Bristol. These latter glazes are highly siliceous 
with high A1 2 0, (11.8 - 16.8 wt%) and no PbO. 
However as noted by Ramsay et al. (2003) the CaO 
levels for both Plymouth and Bristol arc significantly 
lower than that in either the theoretical Bow first pat¬ 
ent glaze or ‘A’-marked glazes. 

Significance of Bow first patent porcelains: Con¬ 
siderable acknowledgement and accolades have been 
given by the Chinese and the international commu¬ 
nity to the earliest Chinese porcelains believed to 
have originated in north China during the Sui-Tang 
dynasties. Likewise hard-paste Meissen porcelains 
produced by Bottger, the earliest soft-paste porce¬ 
lains out of Rouen and St Cloud, and the earliest 
commercial porcelains from North America by Bon- 
nin and Morris have deservedly received consider¬ 
able acknowledgement and regard by the ceramic 
community. In contrast, in the United Kingdom un¬ 
certainty has existed over the identity of any porce¬ 
lain manufactured by I leylyn and Frye in east London 
based on their patent of 1744. This uncertainty is all 
the more inexplicable by virtue of the presence of 
clearly written and precise specifications, both dated 
and signed by five people, documents whose equiva¬ 
lents have been essentially denied to the present-day 
Chinese, French. Americans, and to a large degree 
the Germans. As demonstrated by Ramsay et al. 
(2006) this landmark patent has been marginalised 
and dismissed by many workers as unworkable, and 
at best regarded as experimental. These doubts, 
which question the efficacy and significance of the 
1744 patent, have embedded themselves in the Eng¬ 


lish ceramic psyche for over a century and one of the 
foundations, which has supported this unfounded at¬ 
titude, is an unstated but potent circular train of rea¬ 
soning. This circular reasoning both tends on the one 
hand to regard the 1744 patent as unworkable, hesi¬ 
tant, cautious, and at best experimental, thus explain¬ 
ing why no first patent wares can be recognised and 
on the other hand reasons that because no first patent 
wares can be readily identified, this must indicate 
that the patent itself is unworkable, hesitant, cau¬ 
tious, and at best experimental. Consequently an un¬ 
founded state of denial can be traced through 
numerous English ceramic studies both in regard to 
the 1744 patent and to the products of that patent. 
These attimdes and views contrast with that of the 
French, who by mid 1745 recognised the superior 
compositional qualities of Bow first patent porce¬ 
lains over their own sofl-paste wares and that of 
Chelsea. 

We note that both Hillis (2001) and Freestone 
(1996) were willing to recognise a possible linkage 
between the Heylyn and Frye patent based on the 
specifications and depending on the identification of 
the clay used, with Hillis emphasizing the lead-free 
glaze composition recorded by Freestone for an ‘A’- 
marked piece. Likewise Errol Manners as quoted in 
Emerson et al. (2000), again apparently influenced 
by Freestone's 1996 paper, appears to have been the 
first in print to recognise the Trinity namely that the 
1744 patent w r as not unworkable, the products of this 
patent were the ‘A’-markcd porcelains, and the pro¬ 
prietors were Heylyn and Frye at Bow. 

Based on the wording of the 1744 patent, the 
work of fellow ceramic historians including Binns 
(1898), Hurlbutt (1926), Lane (1958), Charleston 
and Mallet (1971), Mallet (1994), Freestone, (1996), 
Daniels (2003, 2007), and research to date by Ram¬ 
say, Ramsay, and co-workers, we suggest that far 
from being ‘unworkable’ the 1744 patent of Heylyn 
and Frye is one of the major documents in English 
ceramic history. Moreover the products of this patent 
are arguably the most significant porcelains to have 
been produced in 18 lh century Britain. Our reasons 
for these beliefs include the following; 

1. the recognition by Charleston and Mallet (1971) 
that the ‘A’-marked group is probably of English 
derivation. We regard this observation to be 
highly important; 

2. the presence of the 1744 patent which details 
how these porcelains were made and without 
which it is doubtful that an attribution of the ‘A’- 
marked porcelains could have been achieved; 
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3. the proposal that the ‘A’-marked group (Bow 
first patent wares) dates from c. 1743 and repre¬ 
sents the earliest commercial porcelains to have 
been made in the English-speaking world; 

4. the remarkable entrepreneurial effort involved in 
sourcing and transporting Cherokee clay in ex¬ 
cess of 8000 km from the interior of the Caroli- 
nas and across the Atlantic Ocean. This 
transportation of the clay involved avoiding In¬ 
dian objections, evading attacks by ‘Crackers,’ 
and minimizing capture on the high seas by ei¬ 
ther the French or the Spanish. No other nation¬ 
ality or ceramic entrepreneur, to our knowledge, 
prior to the inception of the Bow manufactory 
went to such efforts and distances in procuring 
essential raw materials; 

5. the first high-firing, hard-paste commercial por¬ 
celains to have been made in the English-speak¬ 
ing world using a refractory China clay. These 
hard-paste porcelains pre-date Cookworthy’s 
‘true hard-paste' wares by a quarter of a century, 
yet little attention has been drawn to this remark¬ 
able milepost with the exception of Binns (1898) 
and possibly Tiffin (1874) and Lane (1958); 

6. the use of an associated high-firing, Si-Al-Ca 
glaze, which appears to have been fired contem¬ 
poraneously with the ceramic body, in the man¬ 
ner of both the Chinese and Meissen. Here we 
note an alternative suggestion mentioned above 
as proposed by Nigel Wood; 

7. the absence of lead as a significant component in 
either the body or the glaze, again after the man¬ 
ner of both the Chinese and Meissen; 

8. based on the firing of analogue 1744 patent wares 
(Ramsay et ah, 2004a) there is a close physical 
appearance to Oriental and Meissen porcelain as 
demonstrated by the presence of a semi-eonchoi- 
dal fracture, the high-firing character of both 
body and glaze which we regard as having been 
fired contemporaneously, the absence of lead in 
both body and glaze, physical hardness, degree of 
translucency, the bonding of the glaze to the por¬ 
celain body, the distinct rctexturing and degree of 
re-crystallization at the micro level, and ability of 
the porcelain to exhibit good thermal stress prop¬ 
erties. These features arc collectively absent from 
other English porcelain bodies of the 1740s and 
1750s, especially early Chelsea; 

9. the perceived first use of slip-casting in English 
porcelains; 

10. the remarkable and sophisticated level of 
enamelling; 


11. the first English factory to introduce Meissen- 
and/or Asiatic-derived decorative themes to Eng¬ 
lish porcelain; and 

12. the distinct possibility that the ‘A’-marked group 
of porcelains may owe a considerable, yet unrec¬ 
ognised, debt to the Philadelphia ceramic tradi¬ 
tion out of colonial America. Ramsay et al. 
(2004b) have suggested that although fired in 
London, Bow first patent porcelains may in fact 
reflect a considerable level of technological input 
from the New World. 

In the ease of the ‘A’-marked porcelains Charleston 
(1965) notes the distinct English feel present in their 
potting, whereas the knobs on the teapots reflect 
types found on earlier Staffordshire wares. This sug¬ 
gests to us that Meissen prototypes may not have 
been readily available to the Bow proprietors in the 
early 1740s (a feature experienced by Chelsea some 
6-8 years later) and initially the potting forms 
found indigenous inspiration. This feature is possi¬ 
bly best seen in an ‘A’-marked teapot in the collec¬ 
tions of the British Museum (Charleston and Mallet, 
1971: No.l; Ramsay et al., 2004b: Fig. 12) which 
because of its distinct linkages with Staffordshire or 
south London stoneware forms, possibly dates to 
around 1743, if not earlier. What we infer as repre¬ 
senting slightly later examples of the ‘A’-marked 
group (c. 1744 - 1745), may show Oriental influ¬ 
ences in form, as found for example in the covered 
sugar bowl (Charleston and Mallet, 1971: No. 10; 
Ramsay et al., 2004b: Figs 1 - 6). In the case of the 
enamelling, inspiration is in part indigenous, derived 
from the London theatre {a feature which reappears 
with various early figures associated with the New 
Canton period and again characteristic of Bow (Yar¬ 
brough. 1996)}, Meissen, and the Asiatic (either 
derived from Continental copies or direct from the 
Oriental). The example of enamelling found on the 
‘A’-marked snuffbox (Charleston and Mallet, 1971: 
No. 7; Ramsay et al., 2004b: Fig. 10) is closely com¬ 
parable to monochromatic Meissen harbour scenes, 
first introduced to that factory about 1724 and made 
popular there during the following decade. Daniels 
(2003) has drawn attention to William Duvivier as a 
possible candidate responsible for the decoration on 
this snuff box and her proposal is supported by the 
belief that William Duvivier supposedly arrived in 
England in 1743 and may have been executing har¬ 
bour scenes at Chelsea by 1751. 

Mallet (1994) discusses in some detail a porce¬ 
lain cane handle, initially procured by Elizabeth 
Adams and now residing in the collections of the 
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Victoria and Albert Museum. Four scenes are de¬ 
picted on the handle and Mallet records. 

While not totally discounting the possibility that 
this intricate design in its entirety might have 
been derived from a Meissen original, the execu¬ 
tion of the piece is sophisticated enough to sug¬ 
gest that whoever painted it was capable of 
working out such a design problem for himself. 
Examples of Asiatic decoration associated with 
Bow first patent wares can be seen in the Kakicmon- 
inspired decoration found on the so-called Wink- 
worth teapot now in a private collection (Charleston 
and Mallet, 1971: No. 14; Ramsay et al., 2004b: Fig. 
11), on a two quail-patterned, fluted cup (Charleston 
and Mallet, 1971: No. 19; Ramsay ct al., 2004b: Fig. 
9) and on a white, fluted cup with applied prunus 
blossom, leaf, and twig decoration in the manner of 
the Chinese blanc tie chine (Charleston and Mallet, 
1971: Nos. 26, 27; Ramsay et al.. 2004b: Fig. 9). 
Both cups are housed in the Dorothy Condon Falknor 
Collection of the Seattle Art Museum. In the case of 
the two quail-patterned cup it appears that the pat¬ 
tern was taken from a Meissen example rather than 
an Oriental original because as noted by Spero. Kak- 
iemon originals typically have both birds in the red, 
while Meissen examples depict one of the quails in 
blue. Thus by 1743 it appears that the Bow propri¬ 
etors were drawing on both indigenous and exotic 
forms in the modelling of their wares and their 
enamelling drew inspiration again from indigenous 
themes, from Meissen, and the Asiatic (Ramsay and 
Ramsay, 2006b). Such assurance and sophistication, 
we suggest, reflects a London origin for these porce¬ 
lains, with much of the output unashamedly directed 
at the luxury or ‘high-end’ of the market. These re¬ 
markable initiatives predate Chelsea’s attempts by at 
least a year and the inescapable conclusion is that 
rather than Chelsea holding any sort of leadership 
role for a short while over other English porcelain 
manufacturers (Nightingale, 1881; Sandon, 1989; 
Spero, 2006), it was the Bow proprietors and their 
porcelain manufactory, which held that enviable po¬ 
sition - chronologically, technically, composition- 
ally, and artistically. 

The use of steatite by the Bow proprietors 

Whilst in Melbourne to speak at the Chelsea porce¬ 
lain exhibition held by the National Gallery of Victo¬ 
ria (Legge, 1984), John Mallet arranged for an 
unmarked tea-canister in the Gallery’s collections to 


be flown to London, where he compared it visually 
with other ‘A’-marked examples contained in the 
collections of the Victoria and Albert Museum. In a 
remarkable testimony to his visual skill. Mallet dis¬ 
counted a Chinese, Bow second patent, Longton 
Hall, or a Continental origin, proposing instead that 
this tea-canister belonged to the ‘A’-marked group of 
porcelains of then uncertain attribution (Mallet, 
1994). 

For many years debate over the attribution of this 
tea-canister has occurred with some suggesting a 
Chinese origin, others a Continental attribution, and 
Sotheby’s, in their auction catalogue of 1939, pro¬ 
posing a Bow second patent derivation, c. 1765 - 
1 770. To add to the level of uncertainty. Mallet notes 
that the canister is illustrated in a book on Longton 
Hall porcelain (Bemrose, 1906). The canister was 
initially recorded as being in the W. T. Lawrence 
Collection in 1906. Subsequently it was sold at auc¬ 
tion at Sotheby's, London on July 6 lh , 1939 - lot 91 
and was procured for the National Gallery of Victo¬ 
ria from Felton Bequest funds, where for some time 
it has been attributed to Bow. Decoratively the canis¬ 
ter comprises three motifs as described in Ramsay et 
al. (2003: Fig. 13). The first is a brown enamelled 
and gilt multi humped-back island on which grow 
spiky trees with black-pencilled branches. The sec¬ 
ond motif, the key decorative feature referred to as 
the Island House pattern, comprises a further island 
grouping on which is sited an iron-red hut or barn 
built over a distinct yellow mound or base. The third 
feature is an iron-red pavilion or tent with distinctive 
internal curtains or drapes and an overhead banner, 
the whole being flanked by sage-green willow trees, 
which Ramsay et al. (2003) relate to large bats in 
flight. The palette is distinctive and can be traced 
into subsequent Bow second patent wares in that it 
comprises black pencil outlines, an iron-red contain¬ 
ing a marked vermilion tinge, sage green wash, dis¬ 
tinctive yellow, and a thick opaque chocolate brown. 
Of particular note is the gilding, which we suspect 
was on-fired. 

Ramsay and Ramsay (2005a) discuss this canis¬ 
ter and present a chemical analysis of the body 
(Table 5). Based on these data they support Mallet’s 
attribution that the canister belongs to the ‘A’-markcd 
group and they conclude that the tea-canister com¬ 
prises China clay based on the high A1 2 0, content 
(31.2 - 36.4 wt % with an average of 32.6 wt%) and 
TiO, low or below detection level, as is PbO. Unlike 
other ’A'-marked porcelains analysed to date 
(Table 4), the canister is distinctly magnesian lack- 
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Analysis 1 


Analysis 2 

Analysis 3 Average 

Si0 2 

45.8 


52.9 

60.0 

52.9 

Ti0 2 

trace 


bdl 

bdl 

bdl 

A1A 

36.4 


31.2 

30.3 

32.6 

FeO 

2.5 


3.9 

2.2 

2.9 

MgO 

6.3 


5.3 

2.3 

4.6 

CaO 

bdl 


bdl 

1.0 

0.3 

Na,0 

4.2 


1.7 

bdl 

2.0 

k 2 o 

2.8 


3.0 

2.3 

2.7 

P 2 0 5 

0.4 


bdl 

bdl 

0.1 

PbO 

bdl 


bdl 

bdl 

bdl 

so 2 

1.9 


2.0 

1.8 

1.9 

Total 

100.3 


100.0 

99.9 

100.0 

Si0 2 /Al 2 0 3 

1.26 


1.70 

1.98 

1.62 

bdl below detection level 






Recipe 1 




Recipe 2 


China clay component 




China clay component 


China clay. 


64.3 


China clay. 

.66.6 

Frit component 




Added components 


Crushed silica. 


12.3 


Crushed silica.. 

.5.1 

Alum. 


..5.6 


Alum.. 

.5.8 

Potassium carbonate. 

..3.2 


Potassium carbonate.3.3 

Sodium carbonate. 


..2.7 


Sodium carbonate 

.2.8 

Calcium carbonate 


..0.4 


Calcium carbonate 

.0.5 

Ferrous carbonate.. 


..3.8 


Ferrous carbonate. 

.3.9 

Magnesium carbonate. 

..7.7 


Talc. 

.12.0 


Notes: 

Theoretical recipe calculated after S0 2 is converted to S0 3 and the total recast to 100%. 

Source of the elemental oxides FcO, MgO, Na 2 0, K ; 0, CaO calculated as being derived from carbonate sources. Based in the 
1744 patent, vegetable ashes were most likely the source for these elemental oxides. 

Alum {KA1(S0 4 ) 2 .12H 2 0} assumed to be the source of sulphur. 


Chemical analysis and calculated recipe compositions (wt%) of a Bow high-magnesium tea-canister (B79). 


Table 5. 

ing any appreciable calcium. In addition sulphur, de¬ 
duced to have been added to the paste in the form of 
alum {K,A1(S0 4 ) : .12H 2 0) not gypsum on account 
of the negligible level of Ca in the porcelain body. 
Ramsay and Ramsay (2005a) give two theoretical 
recipes for this canister, the first accounting for the 
magnesium in the form of a magnesium-alkali glass 
frit and the second based on a steatite or soapstone 
formula. 

One of the reviewers of a draft of this manuscript 
prior to going to press. Dr Ian Freestone, makes the 
valid point that to have a glass cullet with high-mag- 
nesium and negligible calcium is outside our current 
understanding of 18 th century glass technology, es¬ 
pecially as vegetable ashes, based on numerous 
chemical analyses, always have calcium greater, if 


not significantly greater, than magnesium. On this 
basis the steatite-based recipe as given in Table 5 is 
likely to be a more reasonable representation of the 
paste used. This in turn raises significant questions 
as the Bow manufactory is not known for having ex¬ 
perimented with or utilised steatite, a raw material 
apparently confined to the wares of early Bristol, 
Vauxhall, Worcester, some Liverpool factories, and 
Caughlcy (Goddcn, 2004b.) 

It is now apparent that the significance of this 
tea-canister is not so much whether it is a member of 
Bow first patent porcelains (‘A’-marked group) but 
rather this item is the first creditable example attrib¬ 
utable to Bow in which magnesium, here inferred to 
be steatite, is the key additive. Support for a Bow at¬ 
tribution may be advanced on account of, 
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1. the nature and range of the palette used which 
finds parallels in early Bow second patent wares; 

2. the use of the on-glaze Island House or Island 
pattern on the canister, a motif highly character¬ 
istic of Bow second patent wares. Adams and 
Redstone (1981: 124) record this Chinese-in¬ 
spired design as being used on Bow tea wares of 
the middle 1750s. Begg and Taylor (2000: Nos. 
15 and 16) likewise illustrate a Bow coffee can 
with a simplified version of the pattern together 
with a Kangxi period tea bowl and saucer with 
the Island House pattern; 

3. the technical nature of gilding over a brown 
enamel base, which appears to be unique to Bow 
and is not found to our knowledge on other por¬ 
celains, be they English, Continental, or Orien¬ 
tal. This technique of gilding over a brown base 
is apparently confined to the early Bow manu¬ 
factory with examples found on various theatri¬ 
cal and Muses figures as illustrated by Begg and 
Taylor (2000: Nos. 6, 19, 192. 193, 194, 196). 
Errol Manners has pointed out (Manners, written 
com., 2004) that Meissen was gilding by about 
1715 and the London over-decorators of Chinese 
porcelains were gilding by around 1740, while in 
the case of both glass and enamels, gilding was 
well developed prior to the 1750s. He further 
notes that the earliest recorded gilding on Eng¬ 
lish porcelain to date is on Bow Muses-type fig¬ 
ures and contemporary wares, where invariably 
this gilding is characterized by being applied 
over brown enamel, as with the tea-canister under 
discussion. This technique can be traced through 
the Bow output to at least the Target period of 
1754. Subsequently Manners (2005) recognises 
gilding on a salt-glazed tankard by John Dwight, 
c. 1695 and gilding on Chinese wares c. 1720. 

4. the high level of ALO, in the body (32.6 wt%) is 
double to triple the absolute levels typically 
found in either Pomona or Limehousc Si-Al-Ca 
porcelain bodies. This high ALO, content is a 
feature of Bow first patent porcelains, not en¬ 
countered in other English porcelains until Wil¬ 
liam Cookworthy produced his hard-paste body 
in 1768. Exceptions to this include two ‘true por¬ 
celain' sherds recovered from Bovey Tracey with 
30.6 and 30.9 wt% Al 2 0, (Owen et al., 2000) 
and three unglazed Pomona sherds whose mean 
composition is 27.9 wt% ALO, (Owen and Hillis 
(2003); and 

5. the presence of sulphur, assumed to represent 
sulphate sulphur in the paste, an additive which 


is highly characteristic of a significant propor¬ 
tion of the Bow porcelain output (Tite and Bim- 
son, 1991; Owen and Day, 1998; this study). To 
our knowledge no other English factory, until 
Isleworth commenced its bone ash recipe output 
during the 1760s (Freestone et al., 2001, 2003), 
added significant levels of sulphate sulphur to its 
porcelain recipe and consequently we regard this 
feature, based on current analytical data, to be an 
early Bow signature feature. In addition we sus¬ 
pect that this sulphur was added in the form of 
alum, a compound that we have tentatively iden¬ 
tified as being used at times in some early Bow 
second patent wares of the Developmental pe¬ 
riod. To our knowledge no other English 18 th 
century porcelain concern utilised alum. 

Based on the above reasoning we propose that 
there is now reasonable evidence to countenance the 
use of steatite by the Bow proprietors as a third signif¬ 
icant paste recipe in its factory output during the mid 
1740s. We accept that the above proposal is predicated 
on our correct assumption that the high-magnesium 
content reflects the use of steatite and our attribution 
of the canister to Bow. These deductions will need to 
be tested alongside other possible steatilic wares of 
uncertain attribution and any non-phosphatic wasters 
which might be recovered in the future from the for¬ 
mer Bow factory site, be that in Middlesex or Essex. 
Possibly the most significant point to arise out of this 
work so far is the recognition that it may no longer be 
valid to reject a Bow attribution based on the presence 
of a high-magnesium body and consequently a reas¬ 
sessment of a number of unusual magnesian items 
that have not fitted well with attributions to Worces¬ 
ter. Chaffers Liverpool or Vauxhall is now required. 
Research into a number of magnesian items of possi¬ 
ble Bow attribution is continuing and on going to 
press two other high-magnesium examples have been 
recognised based on analyses undertaken by the au¬ 
thors. One of these is a coffee cup in the Taylor collec¬ 
tion (B 100). This cup has what we regard as typical 
Bow decorative features in the Island House pattern, 
the use of a prominent reddish brow-n, and the pres¬ 
ence of gilding over this characteristic enamel base. 
The second example relates to the George II busts 
(Delevingne. 1963; Watney, 1968) and detailed dis¬ 
cussions on this numbered group are given by Daniels 
(2007) and Ramsay and Daniels (in prep). 

On going to press the composition of an un¬ 
glazed waster from the Bow site on Stratford High 
Street (Redston, 1969) was reported by us (Ramsay 
and Ransay, 2007). This waster has 72.5 wt% Si0 2 , 
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9.7 wt% MgO, and 220ppm Ni thus giving a calcu¬ 
lated recipe of 10 wt% (hydrous) ball caly, 30 wt% 
(hydrous) talc, 20 wt% lime-alkali cullet, 15 wt% 
led cullet, and 25 wt% crushed silica. 


BOW SECOND PATENT PORCELAINS 

On 17 lh November 1749 Thomas Frye filed a second 
patent on his own, which was subsequently ‘inrollcd’ 
on March 1 7 lh in the following year (HM Stationery 
Office Patent No. 649 AD. 1749). This patent 
claimed to be capable of making a certain ware, 

.which is not inferior in beauty and fineness, 

and is rather superior in strength, than the earth¬ 
enware that is brought from the East Indies, and 
is comonly known by the name of China, Japan, 
or porcelain ware. 

The specifications required the use of an indis¬ 
soluble matter termed ‘virgin earth’, flint white peb¬ 
bles or clear sand, and pipe clay. The patent records 
that the ‘virgin earth’ is ground with the flint/white 
pebbles/or clear sand to form balls or bricks, cal¬ 
cined and then ground ready to be mixed with the 
pipe clay. The composition of‘virgin earth’ has been 
subject to some speculation and the question arises 
as to why Frye should have attempted to patent a 
substance of such an ill-defined composition and 
what protection did he hope to derive from this pat¬ 
ent. The 1749 patent differs considerably from the 
1744 patent in that the raw materials do not require 
uneka or Cherokee clay and the glaze specified in 
the 1749 patent is instead a low-firing, lead glaze. As 
with the 1744 patent the specifications refer to deco¬ 
ration using underglaze blue (smalt or zaffer) with 
the ability to produce deeper or paler hues of blue. 

We can at this stage merely guess at why the Bow 
proprietors went to the trouble of taking out these two 
patents because as noted by Hillary Young (1999: 54) 
such patents in the 18 ,h century rarely afforded the 
patentees much protection. In the case of the Bow 
first patent there are grounds for suspecting that the 
patent had more to do with attempts to protect the 
vital primary resource, Cherokee clay. Based on 
compositional studies of wasters recovered from both 
Limehouse and Pomona, it might appear that both 
concerns were attempting to replicate the Bow first 
patent, however their inability to source high-firing, 
refractory, China clay meant that they were forced to 
rely on lower-firing ball clay and consequently they 
resorted to the application of a low-firing, lead-based 
glaze, rather than the higher firing Si-Al-Ca glaze 


used on Bow first patent wares. We also suspect that 
the use of lower-firing, ball clay required the addition 
of crushed silica (quartz sand or chert) in an attempt 
to stabilize the body in the face of rapid onset of py- 
roplasticity (melt phase) during firing. In the case of 
the Bow second patent, the key material ‘virgin earth’ 
is so ill defined that we are uncertain as to the rea¬ 
sons for entering this patent. We note that Daniels 
(w'ritten com., 2001) has suggested that a possible 
catalyst for the filing of this patent by Frye may have 
been perceived competition from other concerns such 
as Vauxhall, which was founded in 1751 and is known 
to have been experimenting with a bone ash recipe 
(Owen et al., 2000; Bimson and Freestone, 2002). 

Raw materials used in Bow second patent porcelain 

A major consideration in setting up a ceramic con¬ 
cern is the sourcing of raw materials and the associ¬ 
ated costs with supply. Adams and Redstone (1981: 
81) note that little attention has been given to the 
suppliers to 18 th century ceramic manufacturers with 
much of our current information derived from the ac¬ 
counts and notes kept by John Baddeley of Shelton in 
the middle of the century (Mallet, 1966, 1967). 

Ball clay. Unlike kaolinite or China clay, which 
is a primary or residual clay used in the 1744 patent, 
the clay specified in the Bow second patent is a sec¬ 
ondary or transported (i.c. dctrital) clay. Names used 
to refer to this material include ball clay, pipe clay, 
plastic clay, or argille plastique. A considerable 
range of accounts has occurred over the last 170 
years as to the nature of the clay used by Bow in its 
porcelain output. Simeon Shaw (1837:436) records. 
The potters of Bow and Chelsea, from com¬ 
pounding well-washed sand from Alum Bay, Isle 
of Wight, ground cullet, and pipe-clay, fabricated 
porcelain, which was covered with a glaze, 
chiefly of lead, which had considerable demand 
in the early part of the last century. 

This recipe corresponds to neither Bow first nor 
second patent recipes and moreover there is a subse¬ 
quent reference to this recipe by Burton (1906). We 
suggest that there may be grounds based on Simeon 
Shaw’s account for suspecting yet a further recipe 
type employed at Bow. 

Tait (1963) with little substantiation, claims that 
Duche’s mines in America were the source for much 
of the clay used in second patent wares, however we 
can find little to support this claim. Fisher (1965) 
states that initially up to 1749, the artificial paste 



28 


WILLIAM R. H. RAMSAY & ELIZABETH G. RAMSAY 


CLAY DEPOSITS OF SOUTH-WEST ENGLAND 



Fig. 5. Sketch map after Palmer and Witte (2000) showing the location of various primary residual and secondary trans¬ 
ported clay deposits in SW England. The primary China clay deposits of Cornwall are associated with granite bodies while 
the various secondary or ball clay deposits relate to sedimentary basins, located in Devon and Dorset. Both the Pctrockstowe 
and Bovey Basins arc now fault-bounded. It might appear that the Wareham Basin was the major source of ball clay for 
Bow second patent porcelains. Not shown is the location on Lizard Peninsula, Cornwall of steatite associated with altered 
ultramafic rock, used initially by Bow and then by such factories as Worcester, Vauxhall, and Chaffers Liverpool. 


was little more than glass, containing pipe clay to 
give whiteness, but front that time onwards until clo¬ 
sure bone ash was added. As recently as 2003 Begg, 
as reported by Adney (2003), surmises that early 
Bow second patent wares utilised uneka clay front 
the Americas, in complete contradiction to a signifi¬ 
cant body of published information and the second 
patent specifications themselves. 

Ball clays are chemically and physically weath¬ 
ered, transported by streams, and then finally depos¬ 
ited under freshwater or paludal conditions. This 
mode of transport and deposition results in the clay 
collecting impurities in the form of carbonaceous ma¬ 
terial (hence the reference to blue or grey ball clay), 
iron and titanium oxides, and additional amounts of 
sand and silt. Deposition under reducing conditions 
has often developed small amounts of sulphide, as for 
example found in the Crcckmore Sequence of the 
Wareham Basin. Dorset. The term ball clay apparently 
originates from the former practice of transporting 
such clay in nine inch cubed blocks, which then as¬ 
sumed a somewhat spherical fonn reflecting the plas¬ 
tic nature of the clay. John Mallet (1966) records that 
John Baddeley of Shelton in his account book show¬ 
ing transactions undertaken by Baddeley on behalf of 
Messrs. Reid and Co. records on 30* July. 1758, 

Pd Esther Lyon for 200 Balls of Clay £5 


South-west England has been the traditional source 
for ball clay deposits (Fig. 5). Here three main local¬ 
ities have been exploited namely the fault-bounded 
Pctrockstowe and Bovey Basins (Oligocene age: 28 
- 35 million years ago) and the Wareham basin (mid 
Eocene age: 40 - 50 million years ago) located fur¬ 
ther to the east and comprising part of the larger 
Hampshire Basin in Dorset. Apparently Dorset ball 
clays were, and still are, prized for their high plastic¬ 
ity and pre-fired strength, and as a result of their rel¬ 
atively low-levels of colorant oxides, they fire white 
to ivory in color (Palmer and Witte, 2000). Moreover 
carbonaceous clays, which are highly characteristic 
of ball clays from the Bovey basin, are largely absent 
from the ball clay units in Dorset. Where carbona¬ 
ceous material dominates, the clay may have in addi¬ 
tion, high iron levels thus making the clay useless for 
ceramic purposes. The major components of ball 
clays include kaolinite, illitic mica or sericite, and 
fine silica as quartz. Contaminant minerals include 
pyrite, siderite, anatase, gypsum, and dolomite 
(Palmer and Witte. 2000). The kaolinite in ball clays 
differs from that in primary kaolinites in that it has a 
finer particle size and is predominantly b-axis disor¬ 
dered. Apparently b-ordcrcd kaolinites have been 
shown to occur as alteration products of albite and 
chlorite and they often contain some iron in the crys- 
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tal lattice which gives the clay increased strength and 
plasticity (Palmer and Witte, 2000). 

Church (1881) records that Dorset clay had been 
worked as early as 1666 and Bovey Tracey clay as 
early as 1730. According to Latham (1077), Captain 
Joliffe, Thomas Hyde, and John Calcraft, MP were 
foremost in the business of transporting Dorset ball 
clay to London in the mid 1 8 th century. Capt. Joliffe 
wrote that clay pits near Wareham and Poole were 
utilised and the clay fetched from 14s to 18s per ton 
in London. Transport costs were seldom under 7s per 
ton. Joliffe recorded that pipe makers and potters 
bought directly from the ships at the London 
wharves. 

Adams and Redstone (1981) stated that during 
the 18 lh century the source for much ball clay used 
by the pottery industry came from the Teignnrouth 
area in South Devon and from Dorset close to Poole. 
The mid Eocene Poole deposits constitute the Ware- 
ham basin, which is a synclinal deposit with a re¬ 
gional gentle plunge to the east. Palmer and Witte 
(2000) recognise four main productive clay cycles 
within the basin. In ascending order these are the 
lowest Crcckmore unit/Scquence, the Oakdale unit/ 
Sequence, Broadstone unit/Sequencc and the overly¬ 
ing Parkstone clay. Apparently the Broadstone Se¬ 
quence, also known as ‘GP’ or ‘Prima’ by Imerys, 
was the unit most exploited during the 18 lh century 
and Palmer and Witte (2000) record that an exten¬ 
sive network of open pits up to 30 m deep extend for 
some 8 km along the southern and eastern parts of 
the basin. Typical chemical analyses from the Creek- 
more Sequence and overlying Broadstone Sequence 
are given in Table 3. Andrew Deeming of Imerys 
Minerals reports (written corn. January, 2002) that 
the basal Crcckmore Sequence is a pale grey to buff- 
grey, white-firing, ball clay that often contains blue 
sulphide staining hence earning the informal com¬ 
pany name of‘Povington Blue’. The Broadstone Se¬ 
quence, another typical white-firing, ball clay, is 
typically pale grey to brown grey with some traces 
of rcd/yellow staining. 

Virgin earth. Church (1881, 1885) appears to 
have been among the first to recognise that Bow sec¬ 
ond patent wares required the addition of bone ash to 
the paste. 11c records in 1885, 

In the second patent, taken out by T. Frye, 
November 1 7 th 1748, the unaker is replaced by 
other materials. Two parts of virgin-earth, pro¬ 
duced by the calcinations of certain animals, 
vegetables and fossils, are directed to be mixed 
with one part of flint or sand and fritted; then of 


this frit two parts are taken and mixed with one 
part of pipe clay. The glaze was made of red lead, 
saltpeter and sand, with some white lead and 
smalts. There can be no difficulty in identifying 
the earth produced by the calcinations of certain 
animal and vegetable matters with bone-earth, 
that is calcined bones which consist mainly of 
phosphate of lime. The patentee, of course, did 
not desire to be too explicit. 

Church then quotes from Dossie’s Handmaid of the 
Arts( 1758), 

The following composition will produce wares 
which will have the properties of the true china, 
if they be rightly managed in the manufacture. 
Take of the best white sand, or calcined flints 
finely powdered, 201bs., add to it very white 
pearlashes 51bs., of bones calcined to perfect 
whiteness, 2 lbs. 

Eccles and Rackham (1922) state that there can 
be little doubt that ‘virgin earth' was none other than 
bone ash and that all four Bow porcelain examples 
analysed by them disclose the presence of this ingre¬ 
dient. Hurlbutt (1926) suggested that this substance 
comprised phosphatic frit - the product of calcined 
bones, fossils, oyster shells etc, but no doubt, in prac¬ 
tice mainly calcined bones. Honey (1933) notes that 
bone ash has long been known as a possible ingredi¬ 
ent in porcelain as proposed in a work cited by Pro¬ 
fessor Ernst Zimmermann. Watney (1973) has 
suggested that based on the work of Herman Bocr- 
haave MD (1668 - 1738), the term ‘virgin earth’ 
probably represented the basic material of creation, 
which could be obtained from animals, vegetables, or 
fossils of the calcareous kind. Work by Professor Ju¬ 
lian Flendcrson (Henderson, in prep) has recognised 
significant bone ash concentrations occurring close 
to the interface layer between glaze and body in Ot¬ 
toman Iznik ceramics derived from Turkey. I lender- 
son observes that this bone ash occurs in sufficient 
quantities to indicate that it was added deliberately. 

Such an ‘earth’ as stated in the patent, was the 
fixed indissoluble matter produced by the calcina¬ 
tion of animal and vegetable substances and calcare¬ 
ous minerals such as chalk and limestone. Based on 
the Wedgwood formulation of 1759, Watney (1973) 
suggests that ‘virgin earth’ in this instance most 
probably includes both bone ash and gypsum. As 
will be shown in this account ‘virgin earth’ at the 
time of the 1749 patent (New Canton period), com¬ 
prised ~90 wt % bone ash and ~10 wt % glass cullct 
- either flint glass, lime-alkali glass, or a mixture 
of both, and no gypsum. However during the 
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Developmental period (c. 1746) ‘virgin earth’ com¬ 
prised bone ash, glass cullet, and variable amounts of 
sulphate sulphur derived from gypsum or in some in¬ 
stances possibly alum, whereas during the Bowcock 
period (1755 -c. 1769) ‘virgin earth' comprised bone 
ash -90 vvt% and gypsum ~10 wt% alone, with no 
glass cullet. 

Adams and Redstone (1981) recorded that bones 
might have been obtained directly from the knack¬ 
ers’ yards in east London. John Baddeley of Staf¬ 
fordshire obtained his bone ashes from Newdick & 
Nicholas of Comhill and this firm could have sup¬ 
plied the Bow factory as well. Apparently Newdick 
and Nicholas also supplied potters with lampblack 
and smalts (pulverised glass containing dilute 
cobalt). 

The composition of bone ash as published in the 
literature shows some variability and Owen (2001b) 
notes that it is difficult to surmise the initial compo¬ 
sition of bone ash used in 18 th century ceramic 
pastes. Bone matter comprises essentially hydroxy¬ 
apatite (Ca 5 (0H)(P0 4 ) 3 a hydrated calcium phos¬ 
phate with Ca0/P 2 0 5 = 3.33 (molecular proportions) 
(Titeand Bimson, 1991; Deer, Howie, and Zussman, 
1992). Hamer (1975) gives a typical analysis of bone 
as CaO 55 wt%, P,0 5 40 wt%, and the remainder 
made up of silica, various alkaline oxides, and possi¬ 
bly minor carbon. Owen (2002) uses the composi¬ 
tion Ca 3 (P0 4 ) 2 .Ca(0H) 2 which gives Ca0/P 2 0 5 = 
4.00 (molecular proportions). Owen (2001b, 2002) 
notes that animal bones ‘burned’ below 1000°C give 
rise to low-fired bone ash with CaO 58.37 wt%, 
P 2 0 5 36.94 vvt%, and H 2 0 4.69 wt% (Ca0/P 2 0 5 = 
4.00 (molecular proportions). When added to ce¬ 
ramic pastes and fired to temperatures >1000°C 
bones progressively dehydrate and over a tempera¬ 
ture range of 1000 - 1400°C (St. Pierre, 1955) the 
anhydrous mineral (3-tricalcium phosphate more 
commonly referred to as whitlockite Ca,(P 0 4 ), de¬ 
velops through dehydration (loss of water) and par¬ 
tial volatile-loss of calcium. Consequently on 
progressing from animal bones to high-fired cal¬ 
cined bones or whitlockite the CaO/P 2 0, ratio 
changes from 4.0 to 3.0 (molecular proportions). 
However if this calcination and subsequent loss of 
calcium were to take place in the presence of clay 
contained in the body of the porcelain then there 
would be a good chance that much of this calcium 
instead of being lost to the system would react with 
various clay minerals and form new calcium silicate 
minerals (e.g. gehlenite), hence resulting in but 
minor reduction to the initial bulk CaO/P 2 0 5 ratio 


(Owen et al., 2000). This partial loss of calcium from 
bone ash has been expressed by Owen and Morrison 
(1999) in researching Nantgarw porcelain, 
3Ca 3 (P0 4 ) 2 .Ca(0H) 2 -> 3Ca 3 (P0 4 ) 2 + CaO T + H 2 0 

Owen (2002) reports that the bulk CaO/P 2 0 5 
ratio (molecular proportions) for most British phos- 
phatic porcelains tends to range between 3.2 - 3.84, 
which would suggest that reaction of CaO with clay 
in the body was minimal and CaO was lost to the 
system and/or that the bone ash used was initially 
high-fired prior to addition to the paste. Where cal¬ 
cium-bearing minerals such as gypsum or limestone 
are added to the paste in addition to bone ash, then 
one might expect the CaO loss to be broadly bal¬ 
anced by an increase in bulk Ca0/P 2 0 5 such that 
there would be limited departure from the initial the¬ 
oretical value. 

Quart: sand and flint. The silica used in the body 
of Bow second patent porcelains was most likely 
sourced from variable localities. Wedgwood in his 
1759 Experiment Book records the use by Bow of 
Lynn sand, which we assume refers to King’s Lynn in 
Norfolk. It is known that this sand was shipped from 
the Norfolk coast to London. Adams and Redstone 
(1981) recorded that Edmund Elsden, a merchant of 
Lynn, supplied John Baddeley with sand and from 
insurance policies he was selling both sand and Bal¬ 
tic timber from as early as 1753 - 1767. Although 
Baddeley s works were in North Staffordshire, he 
sourced his supplies through London dealers. An al¬ 
ternative source of potters’ sand was obtained from 
the Isle of Wight (Shaw, 1837). De La Beche and 
Reeks (1855) record that the sand used to render the 
clays perfectly ‘dry,’ is mentioned as having been ob¬ 
tained from Alum Bay, located on the northern side 
of the Isle of Wight. This sand has been extensively 
employed in the manufacture of glass. Chaffers 
(1869) in reporting on the 1867 Bow site discovery, 
notes that both calcined flints and pieces of quartz, 
used in making the frit or glaze were recovered. Top- 
pin (1922) reports the presence of pieces of flint, 
whilst Redstone (1969) describes a layer of Bow bis¬ 
cuit wasters above a hard compacted layer of pebbles 
and Hints which may have represented an old back¬ 
yard surface of the factory. Flint, or chert, is a form 
or microcrystallinc or cryptocrystalline silica and in 
south-east England occurs as nodules or secretions 
in chalk and limestone deposits. 

Glass cullet. Unlike the specifications of the 
Bow first patent, where up to half the paste can com¬ 
prise a purpose-made glass frit (probably bulk lots of 
essentially lead-free cullet most likely procured from 
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glass merchants), the second Bow patent makes no 
reference to the use of such a material. Chemical 
analyses undertaken during this research indicate 
that glass frit was a small but important component 
of the wares made during the Developmental. New 
Canton, Transitional, and Tidswell periods. Unlike 
the porcelains of the A '-markedperiod, it is inferred 
from these analyses that little effort was made to sort 
the glass used into lead-bearing and lead-free and in 
a number of instances both types of glass were mixed 
together and added. Freestone ct al. (2003) record a 
similar feature with the Isleworth factory and they 
suggest that this variation may indicate deliberate 
experimentation at Isleworth or poor control over the 
type of cullel added. In the case of Bow we suspect 
that the latter is more likely. It is tempting to specu¬ 
late that two of the Bow proprietors, John Weatherby 
and John Crowther, who were partners in the Green 
Yard Glasshouse at East Smithfield in the Tower 
area, may have supplied this raw material to the 
manufactory. Telfcr (1995) records the presence, on 
the Bow factory site within the Phase V layer, of a 
significant proportion of bottle glass. 

Owen (2001b) appears to have been the first to 
recognise the addition of lead glass, or even fritted 
lead glaze, to the body of phosphatic soft-paste por¬ 
celains based on his work on Bonnin and Morris, 
Philadelphia. Subsequently Freestone et al. (2003) 
extends these observations to include porcelains 
from Isleworth and based on analysed material then 
available. Freestone ct al. (2003) conclude that Isle¬ 
worth porcelains can be distinguished from all other 
British 18 th century bone ash porcelains on account 
of their elevated PbO (2.2 - 4.2 wt%) and K 2 0 (1.6- 
3.3 wt%) levels. As will be shown in this paper. Bow 
was apparently adding variable amounts of lead glass 
(or fritted lead-rich glaze) to its paste by the Devel¬ 
opmental period c. 1746. Although Freestone et al. 
(2003) note the high levels of both PbO and K 2 0 ap¬ 
pear to be peculiar to Isleworth bodies, similar high 
levels are also found in a number of Bow items from 
both the Developmental and New Canton (c. 1746 - 
1753) periods and to a lesser degree, based on three 
analyses, the Tidswell period (c. 1770 1774). 

Gypsum and alabaster. Josiah Wedgwood on set¬ 
ting out his Bow porcelain formulation in his experi¬ 
ment book for February 13 th , 1759 records the use of 
14 part gypsum or alabaster out of a total of 8 14 parts. 
Adams and Redstone (1981) comment that 

Until proved otherwise the use of gypsum (cal¬ 
cium sulphate, CaS0 4 .2H 2 0) in the Bow body 
must be regarded as highly improbable, as sul¬ 


phates, for reasons not fully understood, cause 

faults in both body and glaze during firing. 

Subsequently Tite and Bimson (1991) confirm 
the likely use of gypsum in the Bow paste recipe. 
They also make the interesting deduction that Wedg¬ 
wood may have been incorrect in stating that gyp¬ 
sum was added to both the earlier fritted body 
materials as well as the later unfritted components; 
rather the addition of gypsum may have commenced 
with the change from the fritted to unfritted proce¬ 
dure. Owen and Day (1998) on analyzing five Bow 
porcelain sherds demonstrate that the samples con¬ 
tain substantial amounts of sulphur (2.1 - 2.9 wt%) 
expressed as SO 3 . They note that these data support 
previous microprobc analyses carried out by Tite and 
Bimson (1991) and Owen and Day (1994) and they 
deduce that the sulphur was introduced in the form 
of gypsum. Owen (2002) records that sulphur deter¬ 
minations for English porcelain may be underesti¬ 
mating the original amount of sulphur added to the 
paste because some of the sulphur could have been 
lost from the porcelain body during firing. 

Three 18 lh century factories producing phos¬ 
phatic wares, which added gypsum or alabaster to 
their recipe paste, are known to us, these being Bow 
(Owen and Day, 1998; this study), Bonnin and Mor¬ 
ris (Owen, 2001b), and Isleworth (Freestone et al., 
2003). In the case of the English concerns, this gyp¬ 
sum was apparently sourced from mines in Der¬ 
byshire (Adams and Redstone, 1981: 82). 

Ground Oriental porcelain. Robert Dossie in his 
Handmaid of the Arts (1758) records that he had 
seen at one of the ceramics works near London, 
eleven mills grinding broken Oriental china, which 
was then mixed with a fluxing agent and a ‘new’ ce¬ 
ramic ware produced. Apparently the resultant ware 
was grey, full of flaws and bubbles, and because of 
the lack of plasticity of the paste used, was wrought 
in a clumsy manner. Dossie then reports that this 
ware contrasts with another body produced by a rival 
factory in the neighborhood of London. This latter 
body has great whiteness, has the texture of glass, 
can be formed or cast in a most delicate manner, and 
lacks the ability to withstand thermal shock. In this 
case, one might suspect that Dossie was referring to 
cither Chelsea or Gouyen’s Girl-in-a-Swing factory. 
Hurlbutt (1926) assumed that the record of the use of 
ground Chinese porcelain was in reference to the 
Bow factory, yet the description in the account of the 
porcelain ware produced with its greyish cast, flaws, 
and bubbles docs not accord with what we currently 
know of Bow porcelain. Likewise based on the 
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chemical analyses contained in this account, we have 
been unable to substantiate Hurlbutt’s belief. Al¬ 
though Dossie claims that he had seen these mills lo¬ 
cated near London, his report appears to reflect an 
earlier account (Hill, 1716). Here Hill states. 

Let any good Workman in the Potters Profeffion, 
who would benefit himfelf by this Art, employ 
fome poor people to buy up the old broken 
China, which every Houfe can afford him. This 
Ware he mufit grind in a Mill, with a flat Stone 
and Runner. The Mill is a common one, and 
every-where to be met with. The Powder, when it 
comes from the Mill, muft be further reduced 
and refin’d by the AfFiftance of Water, in the 
manner which juft now deferib’d............ 

Godden (2004a: 19) records that the area around 
the Caughley grind mill contained a huge range of 
Chinese, as well as English porcelain, fragments of 
which would, or could, have varied the Caughley 
‘standard mix' to some extent. 

Alum. Alum is a hydrated aluminium potassium 
sulphate {KAI(S0 4 ) 2 .12H 2 0}and is an unusual addi¬ 
tion to porcelain bodies. Church (1881) records that 
the body or paste of VieiLX Sevres or pate tendre 
comprises 8 parts marl, 17 parts chalk, and 75 parts 
glassy frit with alum comprising 3.6 parts of the 
glassy frit out of 100 parts. Dragesco (1993) reports 
the use of alum in a frit mixture prepared by Jacques 
Louis Brolliet for the acclaimed French scientist, 
Jean Hellot, but notes that alum is not an ingredient 
previously used by porcelain makers and he wonders 
where Brolliet got the idea. The first probable use of 
alum in English porcelain is reported in the body of 
a Bow first patent lea-canister of the ‘A’-marked 
group (Ramsay and Ramsay. 2005a) and the subse¬ 
quent possible use of this component is traced in this 
account to some of the wares of the Bow second pat¬ 
ent belonging to the Developmental period as dis¬ 
cussed below. 


Previous Chemical analyses of Bow second patent 
porcelains 

Chemical compositions and deduced paste recipes 
used in the Bow second patent porcelains can be ar¬ 
rived at by either direct analysis of the porcelain 
body or by use of two recipe specifications, namely 
those contained in the 1749 patent and the Wedg¬ 
wood formulation of 1759. The first reported chemi¬ 
cal analyses undertaken on phosphatic ceramic 
material from an unknown factory source is con¬ 


tained in De La Beche and Reeks (1855). In a foot¬ 
note to page 28 they record that the chemical 
composition of English soft-paste porcelains has 
chiefly engaged the attention of a Mr Cooper, who 
provided three analyses, all of which were phos¬ 
phatic with P 2 0 5 (+ Fc 2 0 3 ) varying from 26.4, 15.4, 
and 15.3 \vt% and A1 2 0 3 21.5, 24.5, and 24.7 wt%. 
Based on our current knowledge of phosphatic soft- 
paste porcelains (Bow, Lowestoft, Isleworth etc) it 
might appear that the ALO, values, which we as¬ 
sume were obtained gravimetrically in the so-called 
classical manner by Cooper, are too high - a prob¬ 
lem that plagued subsequent work by Church (1881, 
1885), Spelman (1905), and Eccles and Rackham 
(1922). The accurate gravimetric derivation of Al 2 0 3 
is notoriously difficult and we assume that unless 
there is a high-clay, phosphatic paste used by Bow of 
which we are unaware, then these high Al : 0, values 
are in error. 

Church in his Cantor Lecture of 1880 (Church, 
1881 ) reported on the analyses of unglazed ceramic 
wasters disinterred during draining works carried 
out by Messrs. Bell and Black on the southern side 
of Stratford High Street, Essex. Subsequently Church 
(1885) noted that his analytical results were obtained 
by means of a careful chemical examination of some 
fragments of glazed and unglazed porcelain wasters. 
One analysis only was published by Church (1881, 
1885) as given in Table 6. 

We are uncertain whether this analysis is taken 
from one waster alone or whether it represents the 
average or mean analysis based on a number of anal¬ 
yses. Church continues that the presence of a lead 
glaze proved that the wasters were not made accord¬ 
ing to the 1744 patent. Church’s published analysis, 
as with Cooper's three analyses, has a high A1 2 0 3 
value of 16 wt%, which we suspect is in error as 
noted above. Based on the P 2 0 } content, Church also 
calculates the bone ash component of the recipe 
based on his published analysis as 44.3 wt%. This 
bone ash value is in close accord with our calcula¬ 
tions for wares made between c. 1 746 - 1754. 

Although the Church analysis demonstrates that 
the waster was phosphatic, the elements sulphur and 
lead were not reported. Of note are the comments 
made by Church (1911) where on reporting on the 
1867 waster discovery in Stratford High Street he 
states that, 

The number of specimens free from bone ash 

was quite insignificant. 

thus implying that some specimens were not phos¬ 
phatic. Unfortunately Church does not expand on 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Si0 2 

40.0 

43.58 

42.80 

55.10 

50.38 

43.8 

38.9 

49.1 

45.6 

50.7 

49.2 

51.2 

53.4 

Ti0 2 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

0.5 

0.2 

0.3 

0.3 

0.3 

A1 2 0 3 

16.0 

8.36 

8.84* 

16.50 

7.78 

7.8 

8.3 

4.8 

8.7 

5.6 

5.6 

5.6 

4.6 

FcO 

trace 

nd 

nd 

trace 

nd 

nd 

nd 

nd 

0.5 

? 

0.3 

0.3 

0.2 

MnO 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

0.1 

MgO 

0.8 

0.60 

trace 

0.40 

trace 

0.6 

0.7 

0.8 

0.6 

0.4 

0.3 

0.6 

0.4 

CaO 

24.0 

24.47 

28.32 

15.12 

24.87 

25.8 

29.1 

25.8 

23.6 

23.8 

24.5 

23.2 

22.2 

Na 2 0 

1.3 

1.20 

1.12 

0.13 

0.70 

1.4 

1.0 

1.0 

0.8 

0.5 

0.5 

0.6 

0.7 

K,0 

0.6 

0.85 

0.72 

0.70 

0.53 

1.2 

0.9 

1.4 

1.1 

0.7 

0.6 

0.6 

0.6 

P 2 0 5 

17.3 

18.95 

18.10 

11.50 

13.66 

18.3 

20.1 

16.4 

18.6 

15.8 

16.2 

15.3 

14.7 

PbO 

nd 

1.75 

0.50 

nd 

1.49 

0.74 

0.53 

0.44 

9 

7 

0.4 

0.4 

nd 

S0 2 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

7 

2.0 

2.1 

1.9 

2.8# 

Total 

100.0 

99.76 

100.40 

99.63 

99.41 

99.6 

99.5 

99.7 

100.0 

99.7 

100.0 

100.0 

100.0 


1. Church (1881, 1885) Waster from the 1867 excavation 

2. Eccles and Rackham (1922) Moulded white and gold sauceboat. C.673-1920 (B20) 

3. Eccles and Rackham (1922) Moulded polychrome sauceboat. C.845-1920 

4. Eccles and Rackham (1922) Fragment of white prunus coffee cup. C.590-1919 (BIO) 

5. Eccles and Rackham (1922) Fragment of an underglaze blue fruit dish. C.16-I920 (B18) 

6 . Adams and Redstone (1981) ‘R'-marked waster recovered in 1969. Analysis No. 3 (B119) 

7. Adams and Redstone (1981) Polychrome nappy plate. Analysis No 4 (BI3) 

8 . Adams and Redstone (1981) Powder blue-ground plate. Analysis No 5 

9. Tite and Bimson (1991) Moulded white and gold sauceboat. C.673-1920 (B20) 

10. Tite and Bimson (1991) Fragment of white prunus coffee cup. C.590-1919 (BI6) 

11. Tite and Bimson (1991) Fragment of an underglaze blue fruit dish. C. 16-1920 (B18) 

12. Tite and Bimson (1991) Fragment of an underglaze blue bowl. Brit. Museum Research Lab. 32703 (B43) 

13. Owen and Day (1998) Bulk analysis of five wasters 

* combined Al,0, and iron oxide - possibly as Fc-H-+ 

# sulphur reported as SOj 

? unclear whether this element is below detection level or not analysed for 
nd not determined 

Table 6. Previous chemical analyses of Bow second patent porcelains. 


this comment and one possible tentative conclusion, 
which we draw, is that these non-phosphatic wasters 
could have been representatives of one of the other 
paste types produced at Bow (hard-paste Si-AI-Ca, 
high-magnesian, or possibly glassy). Another possi¬ 
bility is that such wasters are foreign to Bow. 

Herbert Eccles and Bernard Rackham (1922) 
presented analyses of four items of Bow porcelain 
(Table 6). Three of the four items have been subse¬ 
quently reanalysed both by Tite and Bimson (1991) 
and in this study (Table 6). Again the problem of un¬ 
duly high A1 2 0 3 (16.5 wt%) is seen in the Eccles and 
Rackham analysis of a fragment of a white prunus 
coffee cup now housed in the Victoria and Albert 
Museum (C.590-1919; B16) (Table 6, No. 4). Like¬ 
wise an analysis of a Lowestoft unglazed fragment 
(Spclman, 1905) and quoted by Eccles and Rack¬ 
ham, also demonstrates the high-Al 2 0 3 problem, 


with A1 2 0 3 given as 19.14 wt%. Of the four Bow 
analyses presented by Eccles and Rackham, one 
lacks a lead determination and all four lack sulphur 
determinations. 

In a paper read to the English Ceramic Circle at 
Queen Anne's Mansions in 1935 (Hurst, 1937) two 
Bow analyses are presented. In one instance the total 
comes to 97.69 wt% and in both instances A1 2 0 3 is 
unusually high (16.5 and 14.4 wt%). We have to date 
been unable to substantiate any Bow second patent 
phosphatic wares with such high levels of Al 2 O t and 
for this discussion we have not included these 
analyses. 

Adams and Redstone (1981: Appendix XV) sub¬ 
sequently published three additional analyses carried 
out by Dr Alwyn Cox using x-ray fluorescence instru¬ 
mentation (XRF). The first analysis (Table 6, No 6) is 
from a scratch ‘R’ waster recovered during the 1969 
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site excavation (Redstone, 1969) and they note the 
close comparison in composition with the sauce boat 
(C.673-1920) as given in Table 6. Furthermore they 
note that the Alwyn Cox analysis of a nappy plate 
(Table 6, No. 7) belongs also to this same group with 
a comparable composition (ALO, 8.3 wt%) and a 
distinct PbO content of 0.53 wt%. Lastly Adams and 
Redstone (1981) present an analysis of a powder 
blue-ground plate (Table 6, No. 8), which they date 
on stylistic features as from the period 1758 - 1762. 
They note a marked compositional change with the 
proportion of bone ash slightly reduced and an in¬ 
crease in CaO in relation to P 2 0 5 . Likewise they note 
the reduction in Al 2 0 3 and a marked increase in SiO : 
of about 6 wt% in this example. Adams and Redstone 
(1981) suggest that the proportions of clay and bone 
ash in this recipe were reduced and the proportion of 
silica in the form of either flint or quartz sand was in¬ 
creased, features that arc supported by our own analy¬ 
ses for both the Ban-cock and Tidwell periods. They 
observe that such changes in paste composition ac¬ 
cord with the well-rccognised deterioration in the 
Bow body, which occurred some time after 1755, 
with increased fragility and decreased translucency. 

None of the analyses presented by Adams and 
Redstone includes sulphur, consequently they sug¬ 
gest that the increase in CaO in the powder blue- 
ground plate might reflect increased silica. Although 
they note that Josiah Wedgwood had in his entry in 
his ‘Experiment’ book for February 13 th , 1759 re¬ 
corded the use of gypsum or alabaster in the paste 
used at Bow, Adams and Redstone discount this pos¬ 
sible addition until proven otherwise. 

Tite and Bimson (1991) provide four analyses of 
Bow wares using a JEOL JSM 840 scanning electron 
microscope (SEM) coupled with an energy disper¬ 
sive X-ray spectrometer (Link Analytical 860-500 
series) attached to the SEM (Table 6, Nos 9 - 12). 
Three of the analyses are of items previously anal¬ 
ysed by Eccles and Rackham (1922) whereas the 
fourth is an underglaze blue bowl (BM. 745, B18). 
All four analyses arc given in Table 6. These analy¬ 
ses include TiOj, PbO, and the important element, 
sulphur, reported as SO,. Tite and Bimson from the 
presence of sulphur were able to deduce the use of 
gypsum in three out of the four analyses with the 
earliest sample (B20), which they dated to around 
1750 having a higher clay content and lacking any 
sulphur. They observe that ‘later Bow’ can be differ¬ 
entiated from ‘early Bow’ on the presence of sul¬ 
phate in the body yet inexplicably they fail to 
reference prior analyses and pertinent observations 


made by Adams and Redstone (1981: 109, 238) who 
record a marked change in recipe by 1758 - 1762 
and an associated physical change (increased fragil¬ 
ity and decreased translucency) in the porcelain body 
which occurred sometime after 1755. 

Owen and Day (1998) note that some of the ana¬ 
lytical data in the literature is incomplete insofar as 
sulphate is not determined; hence the use at Bow of 
gypsum as reported by Josiah Wedgwood in 1759, 
cannot be substantiated. Owen and Day (1998) pub¬ 
lish the bulk composition of five Bow sherds recov¬ 
ered from the Bow factory site in Essex. These data 
support the use of gypsum at Bow with sulphur, re¬ 
ported as SO,, varying from 2.1 - 2.9 wt%. This sul¬ 
phate sulphur has been demonstrated as partitioning 
into the calcium phosphate phase, whitlockite, dur¬ 
ing the dehydration of bone ash. The bulk analysis 
provided by Owen and Day indicates that the five 
wasters, all with distinct sulphur levels, conform to 
the Bowcock period. These workers also support 
Adams and Redstone with the observation that this 
group is more siliceous than other reported analyses 
and they suggest that these wasters represent a later 
period in the factory output. 

An unusual analysis carried out by Reginald F. 
Milton and given by Scott and Scott (1961) on one 
of a pair of white octagonal plates with applied 
prunus blossoms, gives SiO_, 58.0 wt%, combined 
A1A and FciO, 8.2 wt%, MgO 1.0 wt%, P 2 0 5 
4.8 wt%, CaO 20.3 wt%, Na,0 1.2 wt%, K 2 0 
2.5 wt%, and PbO 4.0 wt%. Both titanium and sul¬ 
phur were not determined. The unusual feature of 
this analysis is the very low P 2 0 5 relative to CaO and 
we have not seen any other analysis attributable to 
Bow second patent wares with CaO » P 2 0 5 . In view 
of the association between Reginald Milton and the 
analysis provided by him for a George 11 bust (Dc- 
lcvingne, 1963 ) which appears to have numerous in¬ 
accuracies (Watney, 1968; Ramsay and Daniels, in 
prep) and the comments by Watney (1968) where he 
states in relation to the George II busts that English 
ceramic studies have been bedeviled during the past 
twenty years or so by the publication of a very high 
proportion of inaccurate analyses, mostly emanating 
from one source, we have decided to discount this 
analysis of the Bow octagonal plate. 

Previous recipes for Bow second patent porcelains 

Recipes for the Bow second patent paste can be cal¬ 
culated on a theoretical basis after the manner of 
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Owen (2002) or can be deduced based on the speci¬ 
fications contained in the Bow second patent and in 
the formulation by Josiah Wedgwood as found in his 
Experiment Book dated February 13"', 1759 (No. 9, 
p.10) and now preserved in the Wedgwood Museum 
at Barlaston. In the case of the Bow second patent, 
the recipe can be calculated on an hydrous basis as 
given in Table 7, with ‘virgin' earth 50 wt%, crushed 
silica 25 wt%, and pipe clay or ball clay 25 wt%. 
‘Virgin earth’ has since Church (1881, 1885) been 
generally regarded as comprising bone ash, however 
in this account we will demonstrate that during the 
entire Bow output variable amounts of glass cullet 
and/or gypsum were combined with the bone ash. 

Josiah Wedgwood records in his formulation of 
1759 the following recipe proportions as given in 
Table 7, 4 parts bone ash, 4 parts Lynn sand, 14 part 
gypsum or alabaster, and 14 part blue ball clay. Inter¬ 
estingly, Wedgwood states that he was uncertain as 
to the exact proportions although he was apparently 
happy as to the correct identity of the various raw 
materials. Our data confirm that Wedgwood was 


correct with respect to the components but may have 
been in error with respect to some of the proportions. 
Based on our analyses for the Bowcock period given 
below, we suggest that 14 part gypsum is too low and 
1 h part is more likely. Likewise the level of ball clay 
is also too low as observed by Tite and Bimson 
(1991) and a full 1 part ball clay gives a better con¬ 
cordance with our analyses for the Bowcock period. 
This would give the ‘corrected' Wedgwood formula¬ 
tion as 4 parts bone ash, 4 parts quartz sand, 'A part 
gypsum or alabaster, and 1 part ball clay (Table 7.). 

Owen and Day (1998) in calculating the recipe 
derived from the bulk composition of five wasters 
apparently from the Bowcock period, give the fol¬ 
lowing recipe in weight %: 

whitlockite C 3 I’ 32.2 % limestone 5.0 % 

gypsum 4.8% kaolinite 10.0% 

silica 48.0 % 

Subsequently Owen (2001b) notes that phosphatic 
porcelains generally have bulk Ca0/P 2 0 5 (molecular 
proportions) ratios varying from 3.2 - 3.8 and by as¬ 
suming an intermediate value with a bone ash com- 



1 

2 

3 

4 

5 

6 

Si0 2 

40.0 

44.7 

49.2 

48.6 

54.38 

53.4 

A1 2 0 3 

8.0 

8.1 

0.9 

3.6 

4.8 

4.6 

CaO 

29.2 

23.4 

28.0 

26.2 

20.7 

22.2 

Na 2 0 

0.1 

0.8 

0.01 

0.04 

0.2 

0.7 

K 2 0 

0.8 

1.0 

0.1 

0.36 

0.5 

0.6 

p 2 o 5 

22.0 

20.2 

20.4 

18.1 

16.1 

14.7 

PbO 

- 

0.7 

- 

- 

- 

- 

so 3 

- 

- 

1.4 

3.1 

2.7 

2.8 

Ball clay 

25.0 

24.9 

0.25 part 

1 part 

14.6 

13.7 

Bone ash 

50.0 

43.8 

4 parts 

4 parts 

35.8 

32.7 

Lead glass 


1.7 





Alkali glass 


5.6 





Crushed silica 

25.0 

24.0 

4 parts 

4 parts 

44.1 

48.0 

Gypsum 



0.25 parts 

0.5 parts 

5.5 

5.6 


1. calculated composition of the 1749 Thomas Frye patent based on the proportions recorded in that patent assuming that virgin 
earth comprises 100 wt% anhydrous calcined bone ash (CaO S7 P 2 O s 43 ) and ball clay based on the composition from the 
Broadstone Sequence, Dorset (Table 3) 

2. average composition for the New Canton period (Table 9). Note the increased levels of K,0. Na 2 0, and PbO and this is 
assumed to represent the combination of crushed cullet with bone ash 

3. calculated composition based on the Wedgwood formulation of 1759 

4. re-calculated 1759 Wedgwood formulation using I part ball clay and 0.5 parts gypsum 

5. comparative average composition for the Bowcock period (Table 13) 

6. comparative bulk composition for 5 wasters (Owen and Day, 1998) 

Table 7. Chemical analyses and recipes for Bow second patent wares as calculated for the 1749 Bow patent and the 1759 
Wedgwood formulation. 
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position of (C 3 3 P) recipe calculations will yield free 
calcite for samples where the bulk Ca0/P 2 0 5 ratio is 
> 3.3. Consequently in such cases calcite may have 
not actually been used. 

Based on our work and the recipe provided in the 
Wedgwood formulation we agree with Owen and we 
find no evidence that the Bow proprietors added 
limestone or calcium carbonate as a separate phase 
during the Bow second patent output with the possi¬ 
ble exception of two very early octagonal plates 
(Scot and Scot, 1961). On recalculating the Owen 
and Day bulk analysis and allocating all remaining 
CaO to bone ash after stoichiometrical allocation is 
made to gypsum, we arrive at the following recipe 
(wt%) with a Ca0/P 2 0 5 (bone ash) (molecular pro¬ 
portions) ratio of 3.49. 

bone ash 32.7% ball clay 13.7% 

gypsum 5.6 % silica 48.0 % 

This recipe shows reasonable concordance with 
the average recipe calculated by us for the Bowcock 
period (Tables 7, 13) and from this we conclude that 
limestone was not utilised in Bow second patent 
wares during the Bowcock period. Consequently for 
this period, kiln temperatures may not have been 
high enough or prolonged enough to attain complete 
conversion of bone ash to whitlockite. Moreover, ac¬ 
cording to Wedgwood, during this phase the various 
components were not initially fritted and made into 
bricks. 


Classification of Bow second patent wares 

In this account the Bow second patent wares have 
been subdivided into five groups or periods based on 
their various chemical, physical, and decorative fea¬ 
tures namely: 

• Bow second patent Developmental period c. 1746 

• Bow second patent Early period (or New Canton 
period) c.1747 - 1753 

• Bow second patent Transitional period (or Target 
period) 1754 

• Bow second patent Middle period (or Bowcock 
period) 1755 -c. 1769 

• Bow second patent Late period (or Tidswell pe¬ 
riod) c. 1770 - 1774 

These subdivisions are based on the chemistry of the 
porcelain body and from this chemistry the recipe 
used in each case has been calculated on a theoreti¬ 
cal basis in the manner of Owen (2002). 

Bow second patent Developmental period. This 
group is based on five items (Fig. 6). These are a 


‘scratch-marked’ polychrome bowl of the ‘B’- 
marked group (B9, private collection), single poly¬ 
chrome shell-salt (B30) from the Newham Collection 
(Gabszewicz, 2000a:No. 35), a polychrome triple 
salt (B64) formerly in the Ainsley Collection and 
now in the Taylor Collection (Begg and Taylor, 2000: 
No. 3), and two undcrglaze blue items. These are a 
‘scratch-marked’ mug known as the Knowles Boney 
mug (B10) as illustrated in Adams and Redstone 
(1981: Fig. 23A) and a thickly potted plate (B68) 
formerly in the Toppin collection, then in the Hewctt 
collection (Amor, 1997: No. 7), and now in the Tay¬ 
lor Collection (Begg and Taylor, 2000: No. 2), with a 
similar but smaller plate illustrated in Adams and 
Redstone (1981: Plate 20). 

Collectively this group conforms to the Bow sec¬ 
ond patent recipe, as characterised by wares of the 
New Canton period with approximately 50 wt% ‘vir¬ 
gin earth' (bone ash + glass cullct both lead and al¬ 
kali glass), 25 wt% crushed silica, and 25 wt% ball 
clay. In addition these items also contain distinct 
amounts of sulphur and on this basis these wares 
have been separated out from the New Canton pe¬ 
riod and are assumed to form an early developmen¬ 
tal phase based their distinctive composition 
(Table 8). The use of sulphur in the recipe suggests a 
compositional and chronological link between these 
items of the Developmental period and the Bow 
magnesian tea-canister described above (Ramsay 
and Ramsay, 2005). The source of the sulphur is of 
particular interest and two possible sources present 
themselves namely gypsum (or alabaster) and alum. 
In an attempt to differentiate between the use of ei¬ 
ther gypsum or alum in the recipe mix, we have pre¬ 
sented in Table 8 two sets of recipes, one calculated 
on the basis of the sulphur being added in the form 
of gypsum (CaS0 4 .2H 2 0) and the second set calcu¬ 
lated on the basis that alum )KAI(S0 4 ) 2 .121NO} 
was the source of the sulphur. In the case of B10, and 
B68, and in particular B9, there is not enough K 2 0 
in their respective analyses to allow for the stoichio¬ 
metric addition of alum, so consequently in these in¬ 
stances we assume that gypsum was the source of 
the sulphur. 

For example in the case of B68 after calcium is 
subtracted to account for the presence of gypsum 
based stoichiometrically on the level of SO, being 
4.14 wt% the remaining calcium is assigned to lime- 
alkali glass (4.3 wt%) and to the phosphorus to form 
bone ash (33.0 wt%). The resultant CaO : P 2 Oj (mo¬ 
lecular proportions) ratio in the bone ash is 2.96 
(~3.0) which is very close to the ratio for whitlockite 


A CLASSIFICATION OF BOW PORCELAIN FROM FIRST PATENT TO CLOSURE: c. 1743-1774 


37 



Fig. 6. Selected images of porcelain from tile Bow second patent Developmental period. Fig. 6a, triple shell-salt. East 
London, England, c. 1746 (B64). Soft-paste phosphatic porcelain. Width (W.) 140 mm. (Taylor collection). A triple shell- 
salt set on a rocaille base of shells, algae, and coral. The interior painted with trailing flowers in blue, yellow, red, and puce 
with fine outlining in brown. The shells arc painted in puce and the algae in a dark green. Fig. 6b, shell-salt. East London, 
England, c. 1746 (B30). Soft-paste phosphatic porcelain. W. 89 mm. (Collection of the London Borough of Newham, pho¬ 
tograph by courtesy of Michael Booth.) A single shell-salt with a drab appearance, set on a rocaille base of shells and coral. 
The interior painted with trailing flowers in blue, yellow, red. and puce with leaves picked out in green and blue green wash. 
The style and manner of painting is comparable to that shown in Figs. 4c,d. Fig. 6c, plate in underglaze blue. East London, 
England, c. 1746-7 (B68). Soft-paste phosphatic porcelain. Diameter (D.) 305 mm. (Taylor collection), The plate is thickly 
potted, heavy, and painted in the disconsolate fisherman pattern; sec Amors (1997: No.7) and Begg and Taylor (2000: 
No. 2). Fig. 6d, mug in underglaze blue, East London, England, c. 1746-1747 (B10). Soft-paste phosphatic porcelain. H. 
148 mm. (Formerly in the Knowles Boney collection and now in a private collection, photograph by courtesy of the owner). 
Painted in bright blue with a bold divided strap handle and a linear scratch mark to the base; see Adams and Redstone 
(1981: plates 23 A and 23B). Fig. 6e, bowl with shaped rim, East London, England, e. 1746 (B9). Soft-paste phosphatic por¬ 
celain. W. 140 mm. (Private collection, photograph by courtesy of the owner). Painted in the Chinoiserie manner with vi¬ 
brant enamels, blue, yellow, puce, brown, two shades of green, and deep aubergine. The porcelain body is distinctly white 
with a creamish iransluccncy and a clear glaze. Incised on its base with a linear line and marked with a ‘B* in on-glaze au¬ 
bergine. See Begg and Taylor (2000: No. 35) for a comparable shaped incised bowl but lacking the ‘B’ mark. 
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B9 

B10 

B30 

B64 


B68 

Average 

Si0 2 

48.34 

43.27 

40.04 

47.77 


46.92 

45.27 

Ti0 2 

0.44 

0.61 

0.40 

0.30 


0.18 

0.39 

aia 

5.00 

9.71 

6.70 

7.08 


7.11 

7.12 

FeO 

0.18 

0.24 

0.30 

0.41 


0.52 

0.33 

MgO 

0.33 

0.72 

0.60 

0.36 


0.34 

0.47 

CaO 

22.65 

22.79 

25.30 

21.49 


21.16 

22.68 

Na 2 0 

0.88 

1.15 

0.30 

0.49 


0.55 

0.67 

k 2 o 

0.68 

0.69 

2.70 

1.25 


1.49 

1.36 

p 2 o 5 

18.43 

20.00 

20.00 

19.00 


15.07 

18.50 

PbO 

bdl 

0.13 

1.70 

1.30 


2.55 

1.14 

SO; 

3.08 

0.74 

2.00 

0.55 


4.14 

2.10 

Total 

100.01 

100.05 

100.04 

100.0 


100.03 

100.03 

Calculated recipes (hydrous wt%) on the basis that gypsum is the source of sulphur. 





B9 

B10 

B30 

B64 

B68 



Ball clay 

15.0 

29.8 

20.5 

21.8 

21.5 



Bone ash 

40.1 

41.9 

42.8 

40.4 

33.2 



Lead glass 


0.3 

4.4 

3.4 

6.6 



Alkali glass 

6.3 

6.6 

12.0 

4.2 

4.3 



Gypsum 

6.2 

1.5 

4.1 

1.1 

8.4 



Crushed silica 

32.4 

19.8 

16.2 

29.0 

26.0 



CaO/PA# 

(bone ash) 

3.0 

2.7 

2.8 

2.7 

3.0 



CaO/P 2 O s # 

(bulk) 

3.1 

2.9 

3.2 

2.9 

3.6 




Calculated recipes (hydrous wt%) on the basis that alum is the source of sulphur. 



B10 

B30 

B64 

B68 

Ball clay 

28.3 

20.0 

21.2 

16.6 

Bone ash 

42.6 

43.6 

40.7 

34.7 

Lead glass 

0.3 

4.3 

3.4 

6.3 

Alkali glass 

6.6 

8.3 

3.3 

1.8 

Alum 

2.1 

5.6 

1.6 

11.3 

Crushed silica 

20.1 

18.2 

29.9 

29.3 

Ca0/P 2 0 5 # (bone ash) 

2.8 

3.0 

2.8 

3.5 

CaO/Pj0 5 ti (bulk) 

2.9 

3.2 

2.9 

3.6 


B9. famille rose incised bowl (private collection) 

BIO. underglaze blue Knowles Boney mug (private collection) 

B30. polychrome single shell-salt. See Gabszewicz (2000a: No. 35) 

B64. polychrome triple shell-salt (Taylor collection) 

B68. underglaze blue plate with Disconsolate fisherman pattern (Taylor collection) 

# molecular proportions 

Table 8. Chemical analyses and calculated recipes for the Developmental period (~ 1746). 
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(-2.99) and not low-fired bone matter (-4.0). How¬ 
ever in the case of alum, calculations demonstrate 
that there is not enough potassium in the analysis to 
form alum, lime-alkali glass, ball clay, and lead glass 
collectively and hence in this instance it is consid¬ 
ered that the sulphur identified in B68 was added in 
the form of gypsum, not alum. Likewise with the 
Knowles Boney mug (BIO) where the level of K 2 0 
(0.69 wt % based on two analyses, 0.68 and 0.70 
wt%) is too low to allow for the stoichiometric allo¬ 
cation of potassium to alum. However based on a 
gypsum recipe the bulk Ca0/P 2 0 5 ratio (2.88 molec¬ 
ular proportions) is below that of whitlockite sug¬ 
gesting that the bulk level of CaO with respect to 
P,0 5 in the analysis is a little low. Regardless it does 
appear that gypsum is the source for the sulphur re¬ 
corded in B10. With B9 the K 2 0 level (0.68 wt%) is 
too low to allow for the presence of alum as well as 
other phases requiring potassium such as alkali glass 
and ball clay. Consequently no attempt has been 
made to calculate a theoretical alum-based recipe for 
B9 in Table 8 and it is assumed that for this item 
gypsum was the source of the sulphur in the 
analysis. 

In the case of the Borough of Newham single 
shell-salt (B30) K 2 0 is particularly high in the analy¬ 
sis for the porcelain body (2.4, 2.5, 2.3, and 3.4 wt% 
with an average value of 2.7 wt%) and it is conceiv¬ 
able that alum was the source for the sulphur. This is 
supported by the bulk CaO/P 2 0 5 (molecular propor¬ 
tions) 3.20. When the recipe is calculated on the 
basis that gypsum is the source for the sulphur the 
CaO/P 2 0 5 ratio for the bone ash or whitlockite com¬ 
ponent of the recipe drops to 2.79 (-2.8), which is 
below that of whitlockite, thus indicating non-sto- 
chiometric whitlockite. In contrast the glass cullet 
component (lead and lime-alkali glass) for the gyp¬ 
sum-based recipe at 16.4 wt% looks to be too high. 
On this basis it is suggested that there arc grounds 
for suspecting that alum may have been used in the 
recipe for B30 with combined glass cullet in the rec¬ 
ipe dropping to 12.6 wt% and the CaO/P 2 0 ? (bone 
as l,) being 3.0. The triple shell salt (B64) in the Tay¬ 
lor collection likewise could have alum in the recipe 
but it is difficult in this case to differentiate whether 
alum and gypsum is the more likely. 

The average analysis for the group is given in 
Table 8. The recipes calculated on a gypsum basis 
may be incorrect as one, if not two, of the analyses 
from this group appear to satisfy an alum-based rec¬ 
ipe. Characteristic chemical features of this early pe¬ 
riod at Bow can be seen in the high A1 2 0 3 (7.65 


wt%), Ti0 2 (0.37 wt%), and FeO (0.37 wt%). The 
moderate levels of the colourant oxides TiC >2 and 
FeO indicate that ball clay was used in contrast to the 
primary China clay used in Bow first patent wares. 
Of note are the variable levels of K 2 0 and PbO, as¬ 
sumed to have been introduced through the addition 
of a lead-rich cullet and in addition in the case of 
K 2 0, possibly alum. The underglaze blue plate (B68) 
has the highest lead level of PbO 2.55 wt% and K 2 0 
1.49 wt% suggesting that Bow, along with both Bon- 
nin and Morris and Isleworth, added lead-rich cullet 
(Owen, 2001b; Freestone ct al„ 2003). We suspect 
that this addition did not represent experimentation 
on the part of Bow, but rather a lack of quality con¬ 
trol with respect to the type of cullet added. We note 
that both B9 and B68 show some departure from the 
average of this group. This suggests to us one or 
more of the following. Firstly there may have been 
inadequate mixing of the paste at the factory result¬ 
ing in a compositionally inhomogeneous body, an 
unlikely event as indicated by Professor Owen (writ¬ 
ten com., 2006). Secondly the analyses may have 
been defective and thirdly both may represent an 
early experimental development of the paste recipe. 

In summary the wares of the Developmental pe¬ 
riod are broadly characterised by a ball clay content 
of around 23 wt% (hydrous), crushed silica of about 
27 wt%, and a combined bone ash, crushed cullet, 
and a variable sulphur source (assumed to be intro¬ 
duced as sulphate sulphur) of around 50 wt% (hy¬ 
drous). We suggest that with this early group of 
wares the combined bone ash, cullet, and sulphur 
source would collectively equate with what Thomas 
Frye referred to in his patent specifications as ‘vir¬ 
gin earth’. Stylistic and decorative features of some 
members of this small, early group of Bow second 
patent wares are discussed by Adams and Redstone 
(1981) and Gabszewicz (2000b). 

The concept of a mushroom-grey or drab appear¬ 
ance, which has been applied to a small group of 
early Bow second patent wares by numerous work¬ 
ers, can be traced back nearly fifty years to Tait 
(1959) and the Bow Porcelain Special Exhibition. 
Here Tait groups four enamelled shell-salts, a tan¬ 
kard, a sauce boat, and two undecorated wasters re¬ 
covered in 1921 from the Essex site, all of which 
(both glazed and unglazcd) were described by Tait as 
having a markedly (or in one case a less markedly) 
mushroom-grey appearance. Barrie Taylor (written 
com., 2006) notes that recorded examples typically 
are objects which were not made in emulation of the 
contemporary imported Chinese wares but rather 
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have strong links to English silver forms, such as 
shell-form “salts”, sauce boats, and tankards. In 
addition Tait records that no figures are known with 
a ‘mushroom-grey or drab appearance’ correspond¬ 
ing to that found in early decorated table-wares and 
by inference he appears to accept that known figures 
must date front 1750 or younger. Tait refers to Hurl- 
butt (1926: page 95 and plate 16b) where Hurlbutt 
records a pair of single shell-salts displaying what 
Tait quotes as having a “greyish-drab body and 
glaze.” However Hurlbutt does not elevate this grey- 
ish-drab feature to the descriptive or classificatory 
significance as used by Tait and instead appears to 
restrict this description to these salts alone. On 
page 95 Hurlbutt refers to these two items as having 
a greyish-drab body and glaze, whereas in the cap¬ 
tion to plate 16b, he refers to the body alone having 
this drab appearance. Subsequent workers have fol¬ 
lowed Tait with Adams and Redstone (1981) apply¬ 
ing this drab appearance to both the body and glaze 
of a small group of wares, Gabszewicz and Freeman 
(1982), Gabszewicz (2000a, b) and Spero (1990: 
No. 13) to the glaze alone, and Begg and Taylor 
(2000) to the body (No. 3, shell-salt with dense grey 
body and clear glaze), the glaze (No. 5, pug dog with 
dense white body and clear grey glaze), or to both 
body and glaze (No. 51, sauce boat with dense grey 
body and drab blue glaze). 

Based on porcelain composition, as derived from 
our work, some members of the so-called drab group 
belong to the Developmental period and others, such 
as a sauce boat with flying handle (B66) and a fluted 
teapot (B62), which Gabszewicz (2000c) regards as 
having a drab coloured glaze and Begg and Taylor 
(2000: No 34) a clear glaze, lack sulphur and are 
consequently grouped with the New Canton period, 
albeit very early within that period. We regard this 
drab appearance as essentially an artefact of kiln-fir¬ 
ing conditions (Ramsay et al„ 2004a) and based on 
composition, we identify a more diverse group than 
previously recognised as belonging to the earliest 
recognisable Bow second patent wares, some of 
which such as B9 have a distinctly white body and 
colourless glaze. Consequently we would suggest, 
based on paste composition, that the use of ‘drab- 
grey’ or ‘mushroom-grey’ to recognise early items of 
Bow second patent porcelain should be used with 
care in that other equally as early items lacking any 
drabness may be overlooked and consequently given 
a later date than warranted. A case in point is an in¬ 
cised bowl (Begg and Taylor, 2000: No. 35), which 
by analogy with B9 may be distinctly earlier than the 


date range of 1750 - 1752 as given by Begg and Tay¬ 
lor. Ramsay et al. (2004a) note that the Bow propri¬ 
etors may initially have had trouble in firing ball clay 
with its higher levels of colorant oxides when com¬ 
pared to that found in Cherokee clay and conse¬ 
quently some early members of the second patent 
may indeed display this reduction drab feature. Nev¬ 
ertheless, through both experimentation and varia¬ 
tion in oxygen fugacity within a single kiln firing, a 
range of wares having variable or non-existent levels 
of drabness could have been produced from a single 
or closely contemporary kiln batch. As discussed 
below, we strongly suspect that there arc still earlier 
extant phosphatie wares, as yet unrecognised, be¬ 
longing to a hypothetical Experimental period which 
would overlap with, or predate the Developmental 
period. Tait (1963) has speculated on similar ideas 
with regard to rare figures in the white, such as the 
Chinoiserie group symbolic of Air. 

Bow second patent Early or New Canton period. 
This period is dated to c. 1747 - 1753 and composi- 
tionally members of this group approximate the rec¬ 
ipe as calculated from the Bow second patent 
(Table 7), with both ball clay and crushed silica each 
around 25 wt% and ‘virgin earth’ comprising some 
45 wt% (hydrous) bone ash and 5 wt% cullet. This 
glass cullet comprises variable amounts of either or 
both Hint or lead glass and alkali glass. Neither gyp¬ 
sum nor alum was detected for this period (Table 9, 
Fig. 7). Three examples analysed and included by us 
as a sub-group within the New Canton period , are 
unusually enriched in both lead and potassium with 
> 1.25 wt% PbO. All three are in the ‘white’ (Table 
10). The first is a standing Negress with a basket 
(B28) housed in the collection of the London Bor¬ 
ough of Newham (Gabszewicz, 2000b: No. 73). A 
similar example from the Katz Collection, in the 
Museum of Fine Arts. Boston has an incised date for 
1750. B28 has K,0 1.26 wt% and PbO 3.11 wt% 
and recipe calculations suggest an unusually high 
glass cullet component with lead glass 8.0 wt% and 
alkali glass 5.6 wt% giving a total cullet component 
of 13.6 wt%. The second is a white, finely potted tea 
bowl and saucer (B73) with applied primus sprays 
and an incised ‘R.’ (Begg and Taylor, 2000: No. 161) 
with PbO 1.86 wt% and K,0 1.31 wt%. The third 
example is a pug dog (B96) with an incised annulet 
and arrow (Begg and Taylor (2000: No. 5) with PbO 
4.15 wt% and K,0 1.05 wt%. 

A fourth example with high PbO (2.55 wt%) and 
K 2 0 (1.49 wt%) is B68, which has been included 
with the Developmental period because of the pres- 
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B1 

B20 

B28 

B31 

B32 

B62 

B117 

B119 

Average 

Si0 2 

44.67 

46.4 

41.93 

42.15 

41.04 

50.96 

48.07 

42.13 

44.66 

Ti0 2 

0.26 

0.3 

0.26 

0.35 

0.59 

0.56 

0.30 

0.38 

0.38 

ai 2 o 3 

5.99 

8.5 

9.38 

7.09 

8.31 

8.91 

8.74 

8.11 

8.13 

FeO 

0.24 

0.4 

0.30 

0.37 

0.42 

0.48 

0.29 

0.39 

0.36 

MgO 

0.76 

0.4 

0.69 

0.56 

0.42 

0.02 

0.38 

0.61 

0.48 

CaO 

23.19 

23.0 

22.83 

24.67 

24.52 

20.53 

21.57 

26.60 

23.36 

Na 2 0 

0.82 

0.67 

1.03 

1.01 

0.65 

0.80 

0.65 

0.73 

0.80 

k 2 o 

0.70 

0.95 

1.26 

0.67 

2.03 

0.65 

0.84 

1.00 

1.01 

P 2 0 5 

22.19 

19.4 

19.21 

23.13 

21.76 

16.60 

19.18 

19.88 

20.17 

PbO 

1.18 

bdl 

3.11 

bdl 

0.3 

0.52 

bdl 

0.17 

0.66 

SO, 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

nd 

bdl 

Total 

100.00 

100.02 

100.00 

100.00 

100.00 

100.03 

100.02 

100.00 

100.01 



B1 

B20 

B28 

B31 

B32 

B62 

B117 

B119 

Average 

Ball clay 

18.2 

26.1 

28.3 

21.8 

25.6 

27.4 

26.8 

25.0 

24.9 

Bone ash 

46.3 

42.7 

42.3 

48.3 

45.8 

37.1 

41.2 

46.9 

43.8 

Flint glass 

3.1 


8.0 


0.8 

1.4 


0.4 

1.7 

Alkali glass 

4.8 

4.4 

5.6 

5.9 

10.8 

4.4 

3.5 

5.2 

5.6 

Crushed silica 

27.6 

26.7 

15.8 

24.0 

17.0 

29.8 

28.5 

22.6 

24.0 

Total 

100.0 

99.9 

100.0 

100.0 

100.0 

100.1 

100.0 

100.1 

100.0 


B1. underglaze blue coffee can with Stork and banana pattern (private collection) 

B20. white and gilt pedestal sauce boat (V&A: C.673-1920) 

B28. Negress and basket in the white. See Gabszewicz (2000a: No. 73) 

B31. fumille mse vase (private collection) 

B32. Kitty Clive in the white (private collection) 

B62. polychrome teapot (Taylor collection) 

B117. scratch ‘ I' vase From a white and gilt garniture of seven (Hamilton Art Gallery) 

B119. ‘R’-marked waster recovered by Dr D. Redstone from the Bow factory site. Average analysis of Adams and Redstone 
(1981: page 238, No. 3) and analysis by Ramsay and Ramsay (this publication), normalised to 100% 

nd not determined 

bdl below detection level 

V&A Victoria and Albert Museum 


Table 9. Chemical analyses and calculated recipes for Bow second patent Early or New Canton period (~ 1747 1753). 


ence of gypsum in its recipe (Table 8). In some in¬ 
stances such as the pug clog (B96) there is insufficient 
K 2 0 (1.05 wt%) to account for ball clay, alkali glass, 
and lead glass and there is a suspicion that in these 
cases additional lead was added to the recipe in the 
form of litharge or some similar form. 

The key chemical feature of members of the early 
second patent Bow (Developmental New Canton, 
anil Target periods) is the moderately high level of 
AIi0 3 ranging from 7-9 wt% in the porcelain body 
and this feature applies to all such wares whether 
thinly or thickly potted in the white, polychrome, un¬ 
derglaze blue, incised, or figures. Owen (2001b. 
2002) has developed a binary plot of AI ; 0 3 vs P 2 O s 
wt%, which is used to discriminate chemically be¬ 


tween the various factories that employed a phos- 
phatic recipe. We have reproduced this binary plot, 
except we have used our data to define the early and 
later second patent Bow phosphatic fields (Fig. 8). 

Our data fall into two distinct fields, namely an 
early second patent Bow field with higher A1 2 0 3 for 
a given P 2 0 5 value and a later Bow field, which com¬ 
prises members of the Bowcoek and Tidswell peri¬ 
ods. Although this later field is more constrained in 
area than that given by Owen, we observe that this 
plot is capable of separating pre- 1755 Bow second 
patent porcelains from post- 1754 bodies, with the 
exception of B9 which has unusually low Al 2 0, for a 
given P 2 0 5 value and may be transitional to an ear¬ 
lier as yet unrecognised Experimental period. We 
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Fig. 7. Selected images of the Bow second patent New Canton period. Fig. 7a, seated abbess, East London, England, c. 

1747 - 1 748 (B8). Soft-paste phosphatic porcelain marked underneath with a miniscule mark for Regulus of antimony and the 
letter ‘H’ both in red. H. 150 mm. (Private collection, photograph by courtesy of the owner). Painted in aubergine wash, black, 
and red with gilding to the edges of the book over brown: see Parkside Antiques (1997: No. 21) and Daniels (2007:269). Fig. 
7b, standing nun in white. East London, England, c. 1752 (Bll). Soft-paste phosphatic porcelain unmarked. II. 160 mm. 
(Private collection, photograph by courtesy of the owner). Fig. 7c, shell sweetmeat stand in white. East London, England, c. 

1748 - 1750 (B7I). Soft-paste phosphatic porcelain. H. 105 mm. (Private collection, photograph by courtesy of the owner.) 
Here an open fluted shell-like feature rests on a rocaille base of coral, tubeworms. bivalves, and bird's nests with eggs; see 
Begg and Taylor, 2000: No. 172. Fig. 7d, coffee can in underglaze blue. East London, England, c. 1747-1750 (Bl.) Soft-paste 
porcelain, unmarked. II. 60 mm. (Private collection, photograph by courtesy of the owner. (Thickly potted and painted in bright 
blue in die banana tree, stork, and fence pattern; see Parkside Antiques (1982: No. 6). Fig. 7e, garniture of vases, East London, 
England, c. 1748-1750 (Bl 16 and Bl 17). Soft-paste phosphatic porcelain. 11. of main lidded vase 309 mm. (Collection of the 
Hamilton Art Gallery, Victoria.) A set of seven vases, three lidded, decorated in penciled gold with rocks, pagodas, birds, wil¬ 
lows, and blossoms. Five are incised on the base with an T and two with an ‘R’; see Begg and Taylor (2000: No. 11). 
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B28 

B73 

B96 

Average 

Si0 2 

41.93 

47.76 

49.52 

46.40 

Ti0 2 

0.26 

0.43 

0.35 

0.35 

A1 2 Oj 

9.38 

8.03 

9.84 

9.08 

FeO 

0.30 

0.24 

0.35 

0.30 

MgO 

0.69 

0.32 

bdl 

0.34 

CaO 

22.83 

20.42 

17.2 

20.15 

Na 2 0 

1.03 

1.16 

1.0 

1.06 

k 2 o 

1.26 

1.31 

1.05 

1.21 

P 2 0 5 

19.21 

18.47 

16.52 

18.07 

PbO 

3.11 

1.86 

4.15 

3.04 

S0 3 

bdl 

bdl 

bdl 

bdl 

Total 

100.00 

100.00 

99.98 

100.00 


B28 

B73 

B96 

Average 

Ball clay 

28.3 

24.6 

30.6 

27.8 

Bone ash 

42.3 

38.9 

32.2 

37.8 

Flint glass 

8.0 

4.8 

10.2 

7.7 

Alkali glass 

5.6 

7.4 

5.4 

6.1 

Crushed silica 

15.8 

24.5 

21.6 

20.6 

Total 

100.0 

100.0 

100.0 

100.0 


B28. Negress with basket in the white. See Gabszewicz (2000a: No. 73) 

B73. ‘R'-marked tea bowl and saucer in the white with applied prunus sprays. See Begg and Taylor (2000: No. 161) 

B96. Pug dog in the white. See Begg and Taylor (2000: No. 5) 

bdl below detection level 

Table 10. Chemical analyses and calculated paste recipes for the high-lead group, second patent Bow porcelain of the New 
Canton period. 


also concur with Owen that the binary A1 2 0 3 vs P 2 0 5 
plot can separate almost all Bow porcelain bodies 
from Bonnin and Morris compositions. 

The incised sub-group of early Bow porcelains. 
A survey of this sub-group is given by Gabszewicz 
(2000b). Members of this group comprise a small 
number of wares characterised by a scratched or in¬ 
cised ‘R‘ (B36, B73, B119) - at times so poorly exe¬ 
cuted that it looks like a ‘K.’ (13116). In addition 
some articles possess an incised ‘X’ and others an 
incised line mark (B9, B10, Bl 17), which Gabsze¬ 
wicz (2000b) groups with ‘R’ marked pieces and 
states that collectively they form an integral associa¬ 
tion. The group shows fine potting, marked attention 
to detail, particularly with regard to handles, spouts, 
and finials. In fact there is a degree of sophistication 
in design found to be lacking in ‘slightly later’, more 
commercial wares. Gabszewicz (2000b) notes that 
where relief decoration is applied, it is crisp, whereas 
the glaze is iridescent, soft, and silky - often with 


fritting and surface bubbles. Dry aprons or patches 
are common towards bases and rims. The pallet com¬ 
prises sealing-wax red, pink, yellow, and purple with 
undcrglazc blue varying in tone from inky grey-blue 
to a bright vibrant blue. The thickly applied enamels 
are wet looking with flower petals often having a 
heaped and piled effect; a feature found in examples 
of decoration on some members of the ‘A’-marked 
group and some early members of the Bow second 
patent porcelains, other than the inscribed group. 

Spero (2001: 24) speculates as to whether this 
‘scratch R’ group represents an alternative Bow por¬ 
celain body, differing in glaze, potting shapes, styles 
of decoration, and tone of undcrglazc blue, or a body 
derived from an entirely separate potworks, which 
amalgamated with Bow at the opening of New Can¬ 
ton in 1750. This suggestion is examined more 
closely later in this paper. Gabszewicz (2000b) how¬ 
ever writes that the incised group belongs to the 
body of Bow production, being precursors to the 
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Fig. S. AL0 3 vs P,0 5 plot for various English and American phosphatic porcelains, modified from Owen (2002). Two fields for Bow second patent porcelains are recognised. 
The first in yellow is for porcelains of the Developmental, New Canton, and Target periods (c. 1746-1754). The second more tightly restricted field in blue is for porcelains of the 
Bowcock and Tidswell periods (1755 - c. 1774). The relatively restricted field for later Bow porcelains indicates a more uniform paste composition from which it is inferred that 
there may have been a concomitant reduction in kiln losses when compared with earlier Bow phosphatic compositions. Of note is that our field for later Bow and that given by 
Owen (2002) both indicate that there is but minimal compositional overlap with Bonnin and Morris on a ALO 3 vs P 2 O s plot. 
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main factory output, which is broadly dated by him 
as commencing from around 1750, thus indicating a 
time range of around 1747 1749. This would indi¬ 

cate, as noted by Gabszcwicz, that the incised group 
might be expected to have evolved from the assumed 
earlier Developmental period , with some members 
being more sophisticated and better potted in ap¬ 
pearance. Some members of the Developmental pe¬ 
riod are regarded by Gabszcwicz as being close in 
general appearance to the triangle-period Chelsea 
wares, which are generally regarded as dating from 
c.1745- 1749 (Adams, 1987). 


During the course of investigation for this study a 
number of representatives of the incised sub-group 
(Fig. 7) were sampled and analysed and a representa¬ 
tive range of these analyses and calculated recipes are 
given in Table 11. Collectively the group shows a co¬ 
herent recipe with two members (B9 and BIO) having 
sulphur added, most likely as gypsum and conse¬ 
quently have been included with the Developmental 
period. Collectively with the possible exception of 
B9, the composition of the incised group conforms to 
that of the New Canton period (c. 1747 1753) with 

prominent levels of AFO-, (7.94 - 9.71 wt%), and 



B10 

B36 

B73 

B! 16 

B117 

B119 

Average# 

Si0 2 

43.27 

46.3 

47.76 

47.65 

48.07 

42.13 

46.38 

Ti0 2 

0.61 

0.6 

0.43 

0.33 

0.30 

0.38 

0.41 

A1A 

9.71 

9.5 

8.03 

8.86 

8.74 

8.11 

8.65 

FeO 

0.24 

0.5 

0.24 

0.28 

0.29 

0.39 

0.34 

MgO 

0.72 

0.7 

0.32 

0.56 

0.38 

0.61 

0.51 

CaO 

22.79 

20.5 

20.42 

21.57 

21.57 

26.60 

22.13 

Na 2 0 

1.15 

0.65 

1.16 

0.79 

0.65 

0.73 

0.80 

K 2 0 

0.69 

1.2 

1.31 

0.81 

0.84 

1.00 

1.03 

P 2 0 5 

20.00 

19.2 

18.47 

19.16 

19.18 

19.88 

19.18 

PbO 

0.13 

0.9 

1.86 

bdl 

bdl 

0.17 

0.59 

S0 3 

0.74 

bdl 

bdl 

bdl 

bdl 

nd 

bdl 

Total 

100.05 

100.05 

100.00 

100.01 

100.02 

100.00 

100.02 



B10 

B36 

B73 

B116 

B117 

BI19 

Average# 

Ball clay 

29.4 

29.2 

24.6 

27.2 

26.8 

25.0 

26.6 

Bone ash 

42.4 

40.5 

38.9 

41.2 

41.2 

46.9 

41.7 

Flint glass 

0.3 

2.3 

4.8 



0.4 

1.5 

Alkali glass 

6.6 

2.6 

7.4 

4.4 

3.5 

5.2 

4.6 

Gypsum 

1.5 







Crushed silica 

19.8 

25.4 

24.3 

27.3 

28.5 

22.6 

25.6 

Total 99.9 100.0 100.0 100.1 100.0 

B10. Knowles Boney underglaze blue mug. See Adams and Redstone (1981: Fig. 23A) 

100.1 

100.0 


B36. ‘R'-marked mug in the white (private collection) 

B73. ‘R’-marked white tea bowl and saucer with applied prunus sprays. See Begg and Taylor (2000: No. 161) 

B116. flange to lid for ‘R’-marked vase front white and gilt garniture, Hamilton Art Gallery, Victoria. See Begg and Taylor 
(2000: No. 11) 

B117. base of incised T-marked vase from white and gold garniture, 1 Iamilton Art Gallery, Victoria. See Begg and Taylor 
(2000: No. 11) 

B119. ‘R’-marked waster recovered by Dr D. Redstone from the Bow factory site. Average analysis of Adams and Redstone 
(1981: page 238, No. 3) and analysis by Ramsay and Ramsay (this publication), normalised to 100% 

nd not determined 

bdl below detection level 

# average excludes B10 which contains gypsum 

Table 11. Chemical analyses and calculated paste recipes for incised T-marked and ‘R’-marked second patent Bow porce¬ 
lain of the Developmental and New Canton periods. 
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variable levels of PbO (bdl - 1.86 wt%), Na,0 (0.65 
- 1.16 wt%), and K.,0 (0.69 - 1.31 wt%). The range 
in amounts of the last three elements suggest either 
an inhomogeneous body in each case or that the 
amount and/or composition of glass cullet added, var¬ 
ied between each paste or kiln batch. Analysis of two 
members of this group, most likely derived from the 
same paste batch, tends to suggest the latter. Here in 
the case of the garniture from the Hamilton Art Gal¬ 
lery, Victoria (Begg and Taylor, 2000: 22) the flange 
of a lid to an ‘R’-marked vase (B116) and the base of 
an incised T lidless vase (B117) have closely compa¬ 
rable compositions (Table 11) thus suggesting that 
flux additions in the form of glass cullet varied be¬ 
tween paste batches, but were essentially constant 
within batches. This variable range in fluxes, assumed 
to have occurred between paste or kiln batches, sug¬ 
gests to us that maturation of the porcelain body 
would have shown considerable temperature varia¬ 
tion between kiln batches up to the Bowcock period 
when there was a marked attempt to standardize the 
paste composition and the associated level of tluxes. 

Bow second patent Transitional or Target period. 
This subdivision is based on a single Bow item, 
namely the Thomas Target bowl (B22), which was 
originally in the J. A. Ainslie Collection, sold at So¬ 
theby’s (March 7 th , 1961, lot 185), and is now housed 
in the British Museum. The bowl is enamelled in 
deep brown, two shades of green, vermilion red (Til¬ 
ley uses the term ‘orange’), blue, and maroon with 
gold over-painting on the on-glaze brown enamel, 
and shows Chinese figures in an Oriental landscape 
(seeTait, 1959: No. 64). Frank Tilley (1952) initially 
described this bowl, where he incorrectly read the 
name as "Tlios Tarock: 1754,” an error picked up by 
Tait (1959). Tilley records both the use of gold over 
brown and the translucency, which he describes as 
typical ‘Bow brown’. In the case of the application 
of gold over brown enamel, Tilley traces this feature 
back to include the Muses figures, the Fortune Tell¬ 
ing group, and other figures generally assigned to 
the period 1750- 1755. This technical aspect of gold 
over brown also can be found on an early Bow tea- 
canister (Ramsay and Ramsay, 2005b) and as noted 
is an apparent Bow signature technical feature. Com- 
positionally the Thomas Target bowl conforms to the 
recipe used in the Developmental period (c. 1746) 
with bone ash at around 45 wt% (hydrous) and both 
crushed silica and ball clay close to 25 wt% each. 
The remainder of the recipe is composed of glass 
cullet and a sulphur-bearing source, which in this 
case is attributed to gypsum (Table 12). It has been 


noted by one of the reviewers of this manuscript, that 
the low levels of sulphur in the body of the bowl may 
represent environmental contamination as sulphates 
are commonly found on artefacts exposed to urban 
environments such as that of London. Even if this is 
the case, this bowl still represents a transitional piece 
based on the observations by Frank Tilley with re¬ 
gard to the brown translucency of the body. This dif¬ 
ference in translucency between members of the 
Developmental period (green to grey-green to grey¬ 
ish-white) and the Target period (brownish) would 
consequently not appear to reflect compositional dif¬ 
ferences based on the analyses presented assuming 
sulphur contamination. Rather we suspect that the 
change in translucency around 1754 reflects kiln-fir¬ 
ing conditions, or even the possibility that by 1754 
the concern had dispensed with the initial fritting 
phase as recorded by Wedgwood. 

Bow second patent Middle or Bowcock period. 
This period coincides with a marked change in the 
paste recipe used at Bow and is dated to 1755 - 
c. 1769. The type example for this period is the docu¬ 
mentary Bowcock bowl (B25) housed in the British 
Museum. The date for the closure of this period 
(c. 1769) is uncertain but it occurred before 1772 
based on the composition of theTidswell mug, given 
below. Selected analyses of the Bowcock period are 
given in Table 13. Major recipe changes for this pe¬ 
riod include a significant drop in the amount of ball 
clay used from 25 wt% to around 15 wt%, a decrease 
in the amount of bone ash from around 42 - 45 wt % 


B22 B22 


Si0 2 

43.08 

Ball clay 

20.9 

Ti0 2 

0.34 

Bore ash 

46.8 

A1A 

6.8 

Alkali glass 

6.6 

FeO 

0.37 

Crushed silica 

24.9 

MgO 

0.95 

Gypsum 

0.8 

CaO 

23.76 

Total 

100.0 

Na 2 0 

0.9 



K 2 0 

0.87 



P 2 0 5 

22.51 



PbO 

bdl 



S0 3 

0.37 




Total 99.95 

B22. Target bowl, dated 1754 (British Museum) 
bdl. below detection level 


Table 12. Chemical analysis and calculated recipe for the 
Bow second patent Transitional Period (1754). 
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B3 

B5 

B16 

B23 

B25 

B29 

Average 

Si0 2 

53.09 

58.57 

54.32 

54.72 

53.6 

51.98 

54.38 

Ti0 2 

0.06 

0.15 

0.2 

0.2 

0.2 

0.23 

0.17 

A1A 

4.61 

5.96 

4.98 

4.02 

5.4 

3.76 

4.79 

FeO 

0.34 

0.18 

0.1 

0.29 

0.2 

0.11 

0.20 

MgO 

0.45 

0.01 

0.4 

0.35 

bdl 

0.31 

0.25 

CaO 

20.73 

18.14 

21.19 

21.13 

21.9 

21.07 

20.69 

Na 2 0 

0.02 

0.19 

0.6 

bdl 

0.1 

0.25 

0.19 

k 2 o 

0.62 

0.50 

0.6 

0.39 

0.4 

0.52 

0.51 

P 2 0 5 

16.89 

14.59 

15.32 

16.31 

15.9 

17.74 

16.13 

PbO 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

bdl 

S0 3 

3.18 

1.71 

2.3 

2.6 

2.3 

4.03 

2.69 

Total 

99.99 

100.00 

100.01 

100.01 

100.0 

100.00 

100.00 


B3 

B5 

B16 

B23 

B25 

B29 

Average 

Ball clay 

14.1 

18.4 

15.5 

12.4 

15.8 

11.6 

14.6 

Bone ash 

37.3 

32.1 

35.8 

36.4 

36.6 

36.7 

35.8 

Gypsum 

6.4 

3.5 

4.8 

5.4 

4.7 

8.3 

5.5 

Crushed silica 

42.2 

46.0 

44.0 

45.8 

42.9 

43.4 

44.1 

Total 

100.0 

100.0 

100.1 

100.0 

100.0 

100.0 

100.0 


B3. underglaze blue sauce boat (private collection) 

B5. underglaze blue sauce boat (private collection) 

B16. portion of a white applied pnmus cofl'ce cup. Composite analysis fromTite and Bimson (1991) and this study with S0 2 
converted to SO) and normalised to 100% 

B23. underglaze blue bowl “Success to Trade" (British Museum) 

B25. Bowcock bowl (British Museum) 

B29. figure of a woman in Turkish dress. See Gabszewicz (2000a: No. 86) 
bdl below detection level 


Table 13. Chemical analyses and calculated recipes for the Bow second patent Middle or Bowcock period (1755 —-1769). 


to ~35 wt%, an increase in the amount of crushed 
silica (either quartz sand or crushed flint) front 25 wt 
% to around 45 wt%, an apparent absence of glass 
cullet, and finally the significant appearance of gyp¬ 
sum, as recorded by Wedgwood, of around 5-6 
wt%. Overall there is a decline in the quality of the 
porcelain body and as noted by various workers 
(Hobson, 1905: Tilley, 1952; Adams and Redstone, 
1981) this period (Fig. 9) is characterised by a porce¬ 
lain body, which becomes lighter in weight, more 
porous, and chalky in appearance with an inclination 
to staining on unglazed areas. The body displays 
what Tilley describes as a ‘Bow brown’ translucency 
and there is a tendency for the overall glaze to be¬ 
come duller in appearance. Compositionally the 
Bowcoc k period is defined also by the use of a more 
uniform paste than was used during the preceding 
periods and evidence for this can be seen in both 
Figure 8 and Table 13. 


Bow second patent Late or Tidswell period. The 
type example for this period is the Tidswell mug 
(B24), dated 1772, and housed in the collections of 
the British Museum (Fig. 10). The commencement 
of this period is ill-defined and could range back 
into the mid to late 1760s. A future research program 
directed at analyzing documentary wares of the mid 
to late 1760s would define more accurately the start 
of the Tidswell period. Three items have been used 
to define this period and these arc the Tidswell mug 
(B24), an underglaze blue leaf dish (B15), and a 
polychrome mug (B35). Their analyses and calcu¬ 
lated recipes arc given in Table 14. Compositionally 
the key feature for this period is the appearance of 
what is assumed to be the presence of glass cullet 
{unsorted lead glass and lime-alkali glass as judged 
by the increase in K.,0 (0.55 - 1.8 wt%), Na 2 0 (0.3 - 
0.85 wt%), and the distinctive presence of lead as 
PbO (0.2 - 2.75 wt%)}. The highly variable amounts 
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Fig. 9. Selected images of the Bow second patent Bowcock period. This period marked a distinct change in the recipe 
resulting in a much more uniform composition. Fig. 9a, sauce boat in underglaze blue. East London, England, c. 1764 - 
1768, unmarked (B3). Soft-paste phosphatic porcelain. H. 100 mm. (Private collection, photograph by courtesy of the 
owner). Moulded with fruits and painted with Oriental style flowers, insects, and a cell border: see Parkside Antiques 
(1988: No. 12). Fig. 9b, figure in Turkish dress. East London, England, c. 1762, unmarked (B29). Soft-paste phosphatic 
porcelain. H. 195 mm. (Collection of the London Borough of Newham, photograph by courtesy of Michael Booth). Fig. 9c, 
plate in underglaze blue, East London, England, c. 1756 - 1762, marked underneath with the numeral ‘6’ or '9' in under- 
glaze blue. Soft-paste phosphatic porcelain. W. 175 mm. (Private collection, photograph by courtesy of the owner). Painted 
with the golfer ami caddy pattern. Fig. 9d, waster. East London, England, c. 1756 - 1762, unmarked (B42). Soft-paste phos¬ 
phatic porcelain. L. 50 mm. (Courtesy of Dr D. Redstone, photograph by courtesy of A. Gabszewicz). This waster was re¬ 
covered from the factory site in 1968. Its outer wavy blue border with an inner thin line conforms to the golfer and caddy 
pattern or the van Frytom pattern. Fig. 9e, sauce boat, moulded and decorated in underglazc blue. East London, England, c. 
1^62 - 1766 (B5). Soft-paste porcelain. L. 140 mm. (Private collection, photograph by courtesy of the owner). Decorated 
both externally and internally with European flowers and an internal cell border. 
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BI8 

B24 

B35 

Average 

Si0 2 

50.31 

55.15 

53.92 

53.12 

Ti0 2 

0.3 

0.2 

0.4 

0.3 

A1 2 0 3 

5.3 

4.8 

4.68 

4.93 

FeO 

0.3 

0.4 

0.33 

0.34 

MgO 

0.3 

0.4 

0.03 

0.24 

CaO 

22.87 

17.56 

19.21 

19.88 

Na 2 0 

0.85 

0.3 

0.34 

0.50 

k 2 o 

0.55 

1.8 

0.99 

1.11 

P 2 0 5 

16.28 

14.26 

15.56 

15.38 

PbO 

0.2 

2.75 

0.93 

1.29 

so 3 

2.75 

2.4 

3.61 

2.92 

Total 

100.01 

100.02 

100.00 

100.01 


B18 

B24 

B35 

Average 

Ball clay 

16.3 

14.0 

14.3 

14.9 

Bone ash 

37.2 

30.1 

32.3 

33.2 

Lead glass 

0.5 

6.8 

2.4 

3.2 

Alkali glass 

5.1 

7.0 

3.8 

5.3 

Gypsum 

5.6 

5.0 

7.4 

6.0 

Crushed silica 

i 35.3 

37.1 

39.7 

37.4 

Total 

100.0 

100.0 

99.9 

100.0 


B18. underglaze blue leaf dish (Victoria and Albert 
Museum) 

B24. Tidswell mug, dated 1772 (British Museum) 

B35. blue-ground mug with anchor and dagger mark 
(private collection) 

Table 14. Chemical analyses and calculated recipes for the 
Tidswell period (-1770 - 1774). 

of lead between the three bodies suggests that 
batches of mixed cullct were being utilised and, un¬ 
like the glass frit used in the body of Bow first patent 
wares, little effort was made to separate the lcad- 
bearing glass. Some broad similarities can be seen in 
comparing the recipes used in the Bowcock period 
and the Tidswell period. The amounts of ball clay 
(~15 wt%), bone ash (~35 wt%), and gypsum (~6 
wt%) used were essentially the same. The major dif¬ 
ference was in the amount of crushed silica em¬ 
ployed, which declined from around 45 wt% in the 
Bowcock period to around 37 wt% in the Tidswell 
period. This deficiency of free silica in the Tidswell 
period was made up by the addition of glass collet 
(-6 wt%). The reason for this reintroduction of cul- 
let, after its rejection during the previous Bowcock 
period, although speculative at this stage is discussed 
below. 


MAJOR CHANGES IN THE BOW 
PASTE COMPOSITION 

Several major breaks or changes in paste composi¬ 
tion arc recognised by us in the Bow porcelain out¬ 
put. The first was during the conversion from a 
China or Cherokee clay, high-firing body (Bow first 
patent) to a bone ash and ball clay based, lower-fir¬ 
ing body (Bow second patent). This change is sug¬ 
gested to have occurred at some time during 1745 
- 1746 based on a sequential paste model. Minor 
variations are noted in the paste composition used 
for first patent wares, with claytglass frit ratios vary¬ 
ing from 1:1 to 2:1. The latter ratio has been recorded 
for a small number of examples including the so- 
called high-style group of wares (Ramsay et al., 
2004b) and this variation accords with the 1744 pat¬ 
ent specifications in that a range of compositions 
ranging from I clay: 1 glass through to 4 clay: I glass 
are proposed. As yet an example of 4:1 has not been 
recorded. Of note is that all representatives of the 
group so far analysed contain a lime-alkali glass frit, 
except the tea-canister from the National Gallery of 
Victoria, whose composition departs from the speci¬ 
fications of the 1744 patent and contains what may 
be steatite together with a minor addition of what we 
deduce to be alum (Table 5). 

The subsequent Bow second patent paste compo¬ 
sition is characterised by ball clay and bone ash to¬ 
gether with crushed silica, glass frit, and initially a 
sulphur-bearing source, most likely gypsum in many 
instances. This recipe, with some compositional vari¬ 
ation, continued through to and included 1754. The 
change in paste composition between the Bow first 
and second patents was profound and was most likely 
forced on the Bow proprietors because of the inferred 
termination in the supply of China clay from the Car- 
olinas, probably reflecting Indian opposition and un¬ 
rest. We suggest that the proprietors made a remarkable 
and farsighted decision, once it became clear that 
supplies of high-firing, China clay were unlikely to be 
available in the short to medium term. This decision 
resulted in an abandonment of the luxury or ‘high- 
end’ market, which until then had been catered to by 
the remarkable Bow first patent wares, and a move to 
embrace the emerging middle market, using a readily 
accessible lower-firing, ball clay with an associated 
lower-temperature lead glaze. Even so, numerous ex¬ 
amples from the second patent period were finely 
potted showing considerable sophistication in form 
with remarkable decoration. A good example of the 
quality achieved at Bow with the use of ball clay and 
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Fig. 10. Selected images of the Bow second patent Tidswell period. This period is marked by a more variable composi¬ 
tion with the reintroduction of glass cullet - both alkali glass and lead glass. Fig. 10a. ‘Tidswell mug'. East London, England, 
1772 (B24). Soft-paste phosphatic porcelain marked ‘RD & MY Tidswell 1772.’ (Collection of the British Museum BM: 3- 
4.1. photograph by courtesy of A. Gabszewicz). Fig. 1 Ob, fragment of a leaf-dish in underglaze blue. East London, England, 
c. 1770 - 1772, (BIS). Soft-paste phosphatic porcelain marked with pseudo Oriental marks. (Collection of the Victoria and 
Albert Museum, C16-1920. photograph by courtesy of A. Gabszew icz). Painted in shades of blue; see Gabszewicz and 
Freeman (1982; No. 116) for a comparable example. Fig. 10c, blue-ground mug. East London. England, c. 1770 1774 

(B35). Soft-paste phosphatic porcelain marked with an anchor and dagger in iron-red. (Private collection, photograph by 
courtesy of the owner). 


bone ash is the fluted polychrome teapot (B62), for¬ 
merly in the Watney collection (Phillips, 1999: No. 13) 
and now in the Taylor collection. We question the 
claim by Schmidt (1932) that Bow has won general 
affection by her engaging incompetence. 

The second major change in paste composition 
occurred around 1755. This period is of particular 
note because it was in 1755 that Bow reached its ze¬ 
nith in sales as based on extant account books 
(Adams and Redstone, 1981; 177). Adams and Red¬ 
stone continue that, 

‘That is entirely understandable (with reference 
to the dominance of oriental decoration over the 
new European style) in view of the prosperity 
achieved but this very success seems to have in¬ 


duced a reluctance to change when there must 
have been powerful commercial reasons for 
doing so. It stands in contrast to the rapid and al¬ 
most exclusive adoption at Bow of Meissen fig¬ 
ure models from the early fifties onwards’. 
Although there may have been reluctance by the 
Bow proprietors to adopt more readily the European 
designs and decoration in the mid 1750s, there is no 
evidence that there was a reluctance to change with 
regard to the technical aspects of porcelain produc¬ 
tion. During the very period of 1755 when sales were 
at an all time high the proprietors engaged in a very 
significant modification of the paste composition 
used at Bow, with a reduction in both ball clay and 
bone ash and an increase in crushed silica. Gypsum 
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makes a distinct and profound reappearance after an 
absence of some eight years, whereas the use of glass 
cullet is abandoned. We agree withTitc and Bimson 
(1991) that this change in paste composition may 
have coincided with a decision not to frit the bone 
ash and crushed silica prior to mixing with the ball 
clay, as had been recorded by Josiah Wedgwood. 
This aspect may possibly date to c. 1754. Debate 
continues as to the reason for this significant change 
in the recipe with a concomitant reduction in the 
quality of the porcelain body - at least to our eyes. 
One possibility might have been an attempt to reduce 
the costs of the raw materials used, although without 
a detailed analysis of the local costs for silica sand, 
bone ash, ball clay, and glass cullet this is difficult to 
substantiate. John Mallet (written, com., December 
2003) writes that this assumption could possibly be 
supported by tracing various account books and re¬ 
cords relating to ball clay including references found 
in the Wedgwood archives, the Transactions of the 
London Wedgwood Society, and his own articles on 
John Baddeley (Mallet 1966, 1967). 

Another possibility is that by eliminating the use 
of glass cullet from the recipe, with its highly vari¬ 
able levels of the fluxes (potassium, sodium, lead, 
magnesium, and calcium), the proprietors were aim¬ 
ing for a more consistent and chemically homoge¬ 
neous paste composition. This is assumed to have 
resulted in more uniform firing characteristics of the 
porcelain body, which may in turn have helped re¬ 
duce kiln losses. If there is any basis to this notion, 
this would mean that by c. 1755 the proprietors made 
an economic decision to try to reduce what we sus¬ 
pect were high or unacceptable levels of kiln wast¬ 
age and accept a lesser quality porcelain body in 
return. We suggest that this critical change in the 
Bow porcelain output and recipe, which we date to 
c. 1755, is a significant avenue for further research. 

Features associated with porcelains from the 
subsequent Bowcock period include a more porous 
and chalky body, which is prone to brownish stain¬ 
ing on unglazed areas. The porcelain body is typi¬ 
cally lighter in weight, no doubt reflecting the 
absence of lead-rich cullet. Translucency develops 
reddish and brownish hues or may deteriorate to be¬ 
come non-existent. 

The third significant paste change is less well 
defined and occurred around 1769 - 1770, if not be¬ 
fore, when glass cullet was apparently reintroduced 
with the proportion of bone ash remaining essen¬ 
tially the same. The pottery-like nature of the body 
indicates that kiln-firing problems may have been 


occurring and the necessary peak temperatures were 
not being achieved or such peak temperatures were 
not being maintained for a long enough period in the 
kiln. It is tempting to speculate that the reason for 
the reintroduction of glass cullet was to incorporate 
additional fluxes with the paste in an attempt to ob¬ 
tain sintering and partial vitrification of the body at 
lower kiln temperatures. Even so this change in paste 
composition failed to develop an increased translu¬ 
cency in the fired body suggesting that kiln-firing 
problems may have continued. 

Evidence is now mounting that Bow experi¬ 
mented with and produced commercial wares based 
on other recipe types in addition to the high-firing, 
hard-paste Si-AI-Ca and the bone ash bodies dis¬ 
cussed. One of these additional recipes required the 
use of steatite and the most compelling evidence for 
this contention is to be found in the tea-canister of 
the collections of the National Gallery of Victoria 
(Ramsay and Ramsay, 2005a). The most remarkable 
use of steatite by Bow recognised to date (Daniels, 
2007) is to be found in a group of busts of previously 
enigmatic attribution known as the George II busts 
(Delevingne. 1963; Watncy, 1968). By analogy, Wat- 
ney groups various nurse and nun figures, including 
the white nurse in the Rissik Marshall Collection of 
Worcester Porcelain at Oxford, with these numbered 
busts, stating that they all have a typical hard. 
Worcester-like glaze. Current analytical research on 
a number of these busts and associated soccles 
(Ramsay and Daniels, in prep) supports a Bow attri¬ 
bution and work by Daniels (2007) dates this group 
of busts to 1744. For a summary on the most recent 
thinking regarding this recipe type and a discussion 
on a possible reattribution of a number of high-ntag- 
nesian porcelains reference is made to Daniels 
(2007). 

A further possible recipe type can be suspected 
based on comments by Simeon Shaw (1837) where 
lie records that both Bow and Chelsea employed sil¬ 
ica sand from Alum Bay, pipe clay, and glass cullet. 
On this basis we suspect that there may be glassy¬ 
looking porcelains of Bow derivation that have to 
date been misidentified as early Chelsea, early Long- 
ton Mall, Gouyin’s factory of St Jame’s, or even early 
Derby. Research into this recipe type is continuing. 
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POTTING AND DECORATIVE DISCORDANCES 
IN THE BOW OUTPUT 

One feature that characterises the Bow porcelain 
output is the presence of what can be regarded as 
discordances or marked differences in both potting 
and decorative features between contemporary or 
closely contemporary groups of wares at various 
times during the factory life. The most obvious is the 
dichotomy that exists between first and second pat¬ 
ent wares, with the widely held belief for many years 
that the essentially homogeneous small group of‘A’- 
marked wares showed no linkages or continuum with 
the Bow second patent porcelains in respect to pot¬ 
ting, form, or enamelling. We agree with David 
Barker that styles can never be more than a guide to 
contemporary trends in production, and cannot in 
themselves be a reliable guide to attribution without 
other forms of supporting evidence, yet this per¬ 
ceived discordance has been highly influential dur¬ 
ing the last 60 years or so in denying that the 
‘A’-marked group could be representatives of the 
Bow first patent. In the case of potting, this differ¬ 
ence is at least in part explained by the contrasting 
materials and potting techniques employed in the 
manufacture of first and second patent wares. The 
paste composition specified in the Bow first patent, 
as deduced from the firing of analogue porcelains 
(Ramsay ct al., 2004a) is a non-plastic or ‘short’ 
paste and consequently slip-casting techniques were 
typically employed for the ‘A’-marked wares, possi¬ 
bly introduced through the employment of one or 
more Staffordshire potters to address this problem. 
In other words both the paste composition and the 
kiln procedures required to produce the high-fired, 
hard-paste body using refractory China clay can par¬ 
tially, if not largely, explain the perceived discor¬ 
dance in both form and potting between the 
‘A’-marked group and the early members of the Bow 
second patent. 

In the case of the perceived discordance in enam¬ 
elling, Ramsay et al. (2003) have discussed various 
decorative features, which collectively suggest link¬ 
ages between the ‘A’-marked group of porcelains 
and members of the Bow second patent. More re¬ 
cently Ramsay and Ramsay (2005a) have pointed 
out that the tea-canister (B79) of the ‘A’-marked 
group represents an important ‘link piece’ with the 
Bow second patent porcelains on account of the use 
of the Island House pattern, the nature of the palette 
employed, the technical aspect of gilding over brown 
enamel (a highly characteristic feature of Bow), and 


the compositional use of a sulphur-bearing source in 
the form of alum. The use of gypsum, or possibly in 
some instances alum, also appears in the earliest yet 
recognised Bow second patent wares (Developmen¬ 
tal period). 

Another perceived variance in potting and deco¬ 
rative aspects within the early Bow second patent 
underglaze blue wares, the Bow Imari variants with 
underglaze blue and ovcrglaze iron-red and gilt, and 
the white ‘sprigged’ porcelains has been proposed by 
Spero (1989, 2001). Spcro (1989) notes this diver¬ 
sity of production and the associated unevenness 
from an aesthetic standpoint in Bow porcelain, when 
compared with other 18 th century factories. In the 
case of Bow underglaze blue porcelains of the 1748 
- 1755 period, Spero comments on the considerable 
problems in terms of chronology, glaze differences, 
decorative styles, and tones of underglaze blue. 
These undcrglaze blue wares arc broadly subdivided 
into two groups by Spero, based on potting and dec¬ 
orative features (Table 15). 

With regard to the more thickly potted ‘chunky’ 
wares or vivid blue group, Spero suggests that the 
reason for the scarcity of saucers is that they may 
have been for more thinly potted and hence subject 
to breakage, thus admitting that both thickly and 
more thinly potted Bow wares could have been made 
concurrently at the same potworks. Such is the per¬ 
ceived discordance between these two groups that 
Spero (1989) comments that in the absence of the 
compositional evidence in the form of a scratch ‘R’ 
waster discovered on the Bow site by Dr David Red¬ 
stone (Tables 9 and 11) there would be grounds for 
invoking separate factories to account for these two 
groups of wares. Spero suggests that there may have 
been a two-tiered production output at the Bow fac¬ 
tory during the early 1750s, with one group directed 
towards a more discerning public. 

Subsequently, Spero (2001) might appear to dis¬ 
count the significance of the ‘R’-ntarked waster dis¬ 
covered on site during the 1969 excavation, and in 
discussing an early incised ‘R’-marked finger bowl 
of the dark blue, more thinly potted group, he com¬ 
ments on the ‘inky’ tone of undcrglaze blue, the 
well-fitting glaze, and the unpretentious nature of 
the painting and argues that such features are, 

.utterly alien to the mainstream Bow produc¬ 
tion of 1748 - 55, with its bright tone of blue, 
heavy and more forthright potting shapes and 
softer more porous glaze. 

Based on these potting, glaze, and decorative fea¬ 
tures, Spero (2001) speculates on the possibility that 
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Bright blue, thickly potted group 

Dark blue, more thinly potted group 

potting 

Thickly potted and heavy in weight with sim¬ 
plicity of outline and economy of shape 

Relatively thin and generally executed with 
a neatness and refinement seldom associated 
with early Bow 

glaze 

Thick, softer more porous glaze, prone to bub¬ 
bling, which often has a double skin, and is 
prone to crazing 

Smooth, shiny, tactile, well-fitting glaze - far 
thinner than conventional early Bow, with blu¬ 
ish tinges where it pools 

underglaze blue 

Bright and lighter vivid tone of undcrglaze blue 
reminiscent of ‘Quink’ royal blue ink 

Darkish ‘inky’ tone, sometimes with a ‘sooty’ 
underfired appearance 

decoration 

Typically Oriental with a forthright artless 
quality with little sense of care and apparently 
quickly painted 

Precise, fluid painting showing both care and 
sophistication 

time range 

1748-at least 1754 

1748- 1755 


Table 15. Comparison of potting and decorative aspects of early Bow underglaze blue porcelain, after Spero (1989, 2001). 


this intriguing hut small-scale “scratch R” class is the 
work of an independent London potworks of the late 
1740s, which formed a loose association with the 
newly launched New Canton factory in 1750, sharing 
the kilns, warehouses, and other facilities of the 
greatly enlarged Bow enterprise. Previously Spero 
(1989) had proposed that the ‘R’-marked group had 
evolved front the earliest Bow (second patent) prod¬ 
ucts, namely the drab-tinted or mushroom-glazed 
group, characterised by delicate famille mse and 
Imari colours and delicate potting forms (Develop¬ 
mental and early New Canton periods). On this basis, 
the Spero model would require that both the drab 
wares and much of the ‘R’-marked group and associ¬ 
ated wares produced prior to 1750, to lack a Bow at¬ 
tribution, being instead manufactured by an 
independent London concent, which subsequently 
formed this loose association with Bow in 1750. In 
contrast Gabszcwicz (2000b) regards the ‘R’-marked 
and associated wares, which he dates from 1747 - 
1749, as link pieces between the superb ‘mushroom’ 
glazed pieces and the general Bow production of 
about 1750. However he does comment that he finds 
it hard to credit the factory, which produced the 
‘mushroom’ glazed wares with their magnificent pot¬ 
ting and fine enamelling, with the same which was re¬ 
sponsible for the more thickly potted plates and dishes 
decorated in bright, vibrant blue. More recently Spero 
(2005) adopts a more equivocal position stating. 
Whether these ‘scratch R' wares arc part of the 
continuous Bow production or were from an 
originally separate potworks is a matter of 
speculation. 


Interesting though these suggestions are based 
largely on typological criteria, we suggest that these 
observations on being integrated with the archaeo¬ 
logical evidence, historical documents, and compo¬ 
sitional features confirm that the Bow factory was 
capable of producing groups of wares of apparently 
contrasting appearance. Archaeological evidence ex¬ 
hibited by Tait (1959) has demonstrated that undeco¬ 
rated wasters representing the Developmental period 
have been recovered from the New Canton factory 
site in Essex. The first is a portion of a shell-en¬ 
crusted base (Tait, 1959: No. 4) recovered in 1921, 
while the second is a biscuit portion of a sauce-boat 
with a lion-mask foot (Tait, 1959: No. 7) also recov¬ 
ered from the factory site in 1921. Based on this evi¬ 
dence the conclusion that we draw is that members 
from the Developmental and/or earliest New Canton 
periods were being produced from what was subse¬ 
quently to become known as the New Canton factory 
site located in Essex and not from some independent 
and geographically removed London potworks. 
Likewise the Spero tvvo-potworks model would re¬ 
quire the ‘R’-marked waster recovered from the fac¬ 
tory site (Redstone, 1969) to have been produced 
after the ‘loose merger’ of these two concerns at 
some time during 1750. However, this model has 
failed to demonstrate why this ‘R’-marked waster is 
post- 1750 in date. Compositionally, this waster 
could just as readily be pre- 1750. 

With regard to the compositional data, this study 
has demonstrated that members of the thickly potted 
bright blue group as represented by the plate (B68) 
and the Knowles Boney mug (B10) have the same 
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unusual paste composition (ball clay, bone ash, cut¬ 
let, crushed silica, and gypsum) as other members of 
the Developmental period. This conformity in paste 
composition for wares, dated by us as being pro¬ 
duced from around 1746 - 1747, conflicts with the 
separate potworks model, as it is difficult to accept 
that during this very early period of highly competi¬ 
tive porcelain development in London, two indepen¬ 
dent and geographically removed porcelain concerns 
should be using identical and highly unusual paste 
compositions. 

in the case of insurance records (Adams, 1973), 
for the Bow factory site, Elizabeth Adams has noted 
that these fairly detailed records, which date from 
July 7 th , 1749, prior to this supposed loose merger, 
give the impression that the entire factory was being 
insured. It is hard to accept that the Bow proprietors 
would go to the trouble in subsequent years of insur¬ 
ing the buildings, stock, and utensils of a concern or 
concerns, which had but a loose association with the 
Bow' factory commencing in 1750. 

Based on the above points involving archaeol¬ 
ogy, paste composition, and historical documents we 
conclude that the stylistically different groups recog¬ 
nised by Spero are of Bow derivation and were pro¬ 
duced on the Essex site in Stratford High Street from 
possibly around 1746 onwards. Moreover we con¬ 
clude that one of the key features of Bow porcelain 
production from c. 1743 onwards is the presence of 
distinct groups of wares which show a range of dif¬ 
ferences including starting materials, paste recipes, 
kiln-firing conditions, potting techniques, glaze ap¬ 
pearances, and nature of enamelling and associated 
decoration. Such discordances do not in themselves 
necessitate the need for different potworks to explain 
these typological and compositional differences. 

SUMMARY OF THE CLASSIFICATION OF 
BOW PORCELAIN 

Table 16 presents a classification for the Si-Al-Ca 
and phosphatic output from the Bow porcelain man¬ 
ufactory commencing with the onset of commercial 
Bow first patent wares, c. 1743. These Bow first pat¬ 
ent porcelains (‘A’-marked group) are regarded as 
hard-paste, high-fired porcelains whose glaze ranges 
from matt (slightly immature) through to wet look¬ 
ing (mature). Translucency is distinct and varies 
from white to white with an icy greenish tinge. 
Within the Bow' second patent division five groups 
or periods are recognised, which are assumed to have 


commenced from c. 1746 based on an assumption of 
sequential development of the Si-Al-Ca body fol¬ 
lowed by the bone ash wares of the Bow second pat¬ 
ent. During this second patent output the initial 
porcelain body up to 1754 typically is compact, rela¬ 
tively hard, at times distinctly heavy with good trans¬ 
lucency, which varies from greenish-grey, to 
creamish-white to greyish-white. With the onset of 
the Bowcockperiod in 1755 the porcelain body com¬ 
mences to deteriorate in appearance becoming more 
chalky and porous. The body becomes lighter in 
weight (most probably reflecting the absence of lead 
cullet) and unglazed areas are liable to develop 
brown staining. Translucency takes on yellowish, 
brownish, and reddish tinges. At times the body may 
even be opaque. Finally in the This well period the 
porcelain body assumes an appearance more like 
that of pottery rather than porcelain. Translucency in 
examples examined is non-existent. For additional 
discussions on aspects of translucency as found in 
Bow second patent wares refer to Burton (1902), 
Hurlbutt (1926), Tilley (1952), Scott and Scott 
(1961), Adams and Redstone (1981), Begg and Tay¬ 
lor (2000), and Adeney (2003). 

The earliest group of phosphatic wares recog¬ 
nised in this paper is assigned to the Developmental 
period , which based on a sequential model, is dated 
to c. 1746. However we suspect that there may be ear¬ 
lier precursor wares as yet unrecognised whose com¬ 
position, assumed to be phosphatic, would be more 
variable ( Experimental period). A possible candidate 
for this hypothetical Experimental period is to be 
found in two octagonal, sprigged plates in the white 
(Scott and Scott, 1961). On the one hand the warping 
of both plates could indicate a low bone ash content, 
which would result in the bulk composition of each 
plate lying closer to the thermal minimum in the ter¬ 
nary system Ca 3 (P0 4 ), - SiO, - CaAI,SiO R than more 
typical phosphatic wares, yet on the other hand the 
very high CaO relative to P,O s suggests that the anal¬ 
ysis carried out by Reginald Milton is in error and 
consequently we have chosen to disregard the results. 
This is a pity as we might suspect that early members 
of this notional Experimental period at Bow would 
conceivably contain examples with lower than usual 
bone ash contents. It would be interesting at some 
stage to reanalysc one or other of these two octagonal 
plates to confirm the level of contained bone ash. 
Based on stylistic grounds we draw attention to the 
low-flared, sprigged hexagonal sauceboat (Ramsay 
et al„ 2003: Fig. 11), which could belong to this very 
early period at Bow and likewise we refer to various 
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figures in the white noted by Tait. We predict that 
very early Bow phosphatic porcelains may have un¬ 
usual bone ash levels, may have high glass contents, 
may show evidence of warping, and may often be in 
the white. A possible date range extending back to 
the earliest 1740s, if not earlier, might not be unrea¬ 
sonable for phosphatic wares of the Experimental 
period. 

Based on wasters derived from the lowest level 
recovered from Warmstry House, Owen (1998) has 
been able to demonstrate that William Davis and Dr 
John Wall had been experimenting up to and/or soon 
after the acquisition of Benjamin Lund's Bristol 
manufactory in early 1752, with a range of radically 
different recipe types, which included (1) talc + flint 
glass, (2) talc + bone ash, (3) talc-free, bone ash 
variants, and (4) Si-Al rich types. A similar situation 
involving different or transitional recipes types has 
been reported from Limehouse (Freestone, 1993), 
Nantgarw (Owen et al., 1998), Vauxhall (Owen et 
al.. 2000), and Bovey Tracey (Owen et al., 2000). 
Owen (1998) concludes that diverse recipes or paste- 
types were used at particular manufactories, espe¬ 
cially during their early experimental phases. We 
suggest that a similar situation exists for Bow. Sup¬ 
port for this notion will come cither through archae¬ 
ological research and/or the analytical testing of 
unusual looking items thought to represent early 
Bow porcelain output. Should this suggestion prove 
to have some basis, then the model for parallel or 
overlapping development of both Bow first and sec¬ 
ond patent recipe types as adopted by Daniels (2007), 
rather than sequential evolution as used in this ac¬ 
count, is likely to be more correct. 

SIGNIFICANCE OF THE BOW MANUFACTORY 

The introductory paragraph to Chelsea porcelains by 
J. V. G. Mallet (1965) possibly encapsulates some of 
the prevailing attitudes and concepts adopted to¬ 
wards the Bow porcelain manufactory, 

Chelsea shares with Bow the claim to have been 
first amongst the English factories to produce 
porcelain on a commercial scale, but in other 
ways the two major London factories were not 
strictly comparable. When Sprimont, the man¬ 
ager and dominant figure at Chelsea for most of 
the factory’s duration, wrote of the other early 
English porcelain makers: “Several attempts 
have likewise been made here; few have made 
any progress, and the chief endeavours at Bow 


have been towards making a more ordinary sort 
of ware for common uses”, he was not so much 
decrying the wares of a rival as expressing his 
sense of isolation as the only British manufac¬ 
turer to concentrate exclusively on the luxury 
market. The wares of Worcester could better 
withstand boiling water; Bow wares were 
cheaper. But to the English world of fashion, 
Chelsea alone among the native porcelains could 
stand comparison with the wares of the Saxon or 
French Court factories. 

Mallet notes that these observations by Nicholas 
Sprimont were drafted at some time between 1752 
and 1757 and consequently Sprimont s comments 
might appear apt with regard to a significant compo¬ 
nent of Bows second patent output. If however one 
accepts our contention that the ‘A’-marked group of 
porcelains is the product of the Bow first patent, it 
might suggest that Sprimont was either unaware of 
the 'A’-marked group (an unlikely suggestion) or that 
by the time he wrote these words. Bow had long since 
discontinued the production of first patent wares. 

This belief that Chelsea porcelains alone could 
bear comparison with Meissen porcelain (Hobson, 
1905; Hurlbutt, 1926; Mallet, 1965; Leggc, 1984; 
Dragesco, 1993; Spero, 2006) has endowed that 
manufactory with special regard such that Sandon 
(1989:17) suggests that Chelsea in fact held a mo¬ 
nopoly over other English-made porcelains for a 
short period. Coupled with this notion is the gener¬ 
ally held view that Chelsea was the first British com¬ 
mercial porcelain manufactory. Nightingale (1881) 
commences his account of English porcelains by 
stating that Chelsea was incontestably the most im¬ 
portant, both artistically and otherwise, of any of the 
English manufactories. More recently Sandon (1989) 
although noting that collectors will always argue 
over which was the first English porcelain factory, 
concludes that Chelsea is the only one which can 
begin to lay claim to that title. 

We suggest that based on the premise that the 
Bow manufactory was producing commercial, hard- 
paste porcelains of remarkable technical and artistic 
brilliance by the early to mid 1740s. the assumed 
pre-eminence attributed to Chelsea for well over the 
last century needs to be re-evaluated. The develop¬ 
ment of a high-firing, Si-AI-Ca body by Bow, when 
coupled with the innovative second patent bone ash 
recipe and the pioneering role in developing a high- 
magnesian (steatitic) recipe, leads us to the conclu¬ 
sion that on considering the entire Bow porcelain 
output, and not merely the second patent phosphatic 
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wares in isolation, the experimental, technical, entre¬ 
preneurial. and artistic contribution both by this fac¬ 
tory and its proprietors to English ceramic 
development is unrivalled by any other 18 ,h century 
English porcelain manufactory (Daniels, 2007; 
Ramsay and Ramsay, 2007). T his appearance of 
three uniquely British commercial porcelain recipes 
during the space of but a handful of years represents 
a possibly unparalleled period in the history of Brit¬ 
ish decorative arts, yet these achievements have been 
largely overlooked or forgotten during the subse¬ 
quent 250 years. 

Another feature, which demonstrates the leader¬ 
ship role played by the Bow manufactory and its pro¬ 
prietors, can be found in the desire by rival concerns 
to replicate the recipes employed at Bow. Whilst 
many ceramic commentators tend to give promi¬ 
nence to the spread of stylistic and decorative links 
as supporting evidence for such a leadership role. 
Barker (1998) suggests that these decorative features 
more often tend to confuse. It might appear that the 
spread of paste recipes, by what Owen and Hillis 
(2003) describe as technological transfer routes, is 
arguably a more significant and objective method in 
deducing or inferring the importance and signifi¬ 
cance enjoyed by any particular factory. As noted. 
Bow developed at least three remarkable and innova¬ 
tive paste types, which were quickly emulated and 
copied to various degrees by other concerns. 

The Si-Al-Ca body can be recognised as having 
spread by 1745 to Limehouse, and Pomona (Free¬ 
stone, 1993, 1996) and by 1756 to W m Reid and Co 
at Brownlow Hill in Liverpool (Owen and Hillis, 
2003.) The main difference between the recipe used 
at Bow and that used at the other sites is that Bow 
had access to a refractory, high-firing China clay in 
contrast to the employment of a lower firing ball clay 
at Pomona, Limehouse, and Brownlow Hill. In the 
case of glazing Freestone (1993) notes that glazes 
used on Limehouse ‘experimental’ wares reflect the 
lead-free, Si-Al-Ca glaze specified in the Bow 1744 
patent whereas the subsequent commercial Lime¬ 
house wares reverted to a lead-based glaze. 

The use and spread of the bone ash recipe can be 
regarded as a triumph of Bow ingenuity and its lead¬ 
ership role amongst other contemporary concerns. 
Based on both waster evidence and the known com¬ 
positions used by various factories, the following 
tentative dispersion network involving in the main, 
crushed silica, bone ash, and ball clay can be sug¬ 
gested for the following concerns: Vauxhall by or 
after 1751 (Owen et al., 2000), Worcester prior to 


February 21 s1 , 1752 (Owen, 1998), Chelsea around 
mid 1750s (Adams, 2001; Godden, 2004b), W m Reid 
and Co by 1756 (Owen and Hillis, 2003), Lowestoft 
by around 1757 (Owen and Day, 1998), Samuel Gil- 
body by 1758 (Godden, 2004a), Isleworth some time 
after 1760 (Freestone et al., 2001), William Ball al 
Brownlow Hill by 1761 (Phillips, 1999), James Pen¬ 
nington by 1763 (Phillips, 1999), Bovcy Tracey by 
1766 or 1767 (Owen et al., 2000). Chclsea-Derby by 
1770 (Owen and Barkla, 1997), Bounin and Morris 
in Philadelphia by !770(Hood. 1972; Owen,2001b), 
Seth Pennington and John Part by 1778 (Phillips, 
1999), Nantgarw by 1813 (Owen et al., 1998), and 
Swansea by around October 1814 (Owen et al., 
1998). In some instances, such as Worcester or Vaux¬ 
hall, the use ofbone ash was apparently limited to an 
experimental phase as deduced from wasters recov¬ 
ered on site. 

Arguably the most significant contribution by 
the Bow' manufactory is the subsequent incorpora¬ 
tion ofbone ash into what is known today as English 
bone china. This application was apparently em¬ 
ployed by Spode and Minton by the end of the 18 ,h 
century (Godden, 2004b) and then subsequently by a 
variety of factories such as J. & W. Ridgway, Daniel, 
and Wedgwood (Godden, 2004b.). It is this recipe 
type, known today as English bone china comprising 
some 50 wt% bone ash (Hamer, 1975), which is the 
Bow manufactory’s most enduring legacy. 

Evidence presented in this account affirms that 
Bow was producing a third highly significant recipe 
of the high-magnesian type during the mid 1740s. 
Owen and Hillis (2003) comment that Robert Pod- 
more took his knowledge of Worcester’s use of soap¬ 
stone with him to Liverpool, thus indicating a 
technology pathway from Benjamin Lund of Bristol, 
to Worcester by 1751, and thence to Richard Chaf¬ 
fers in Liverpool in 1755. However Ow'en and Hillis 
note that it is difficult to determine where Lund ac¬ 
quired his knowledge of soapstone, even though it 
has been claimed that he brought it with him from 
Limehouse. This possibility now r gains support from 
the claim by Freestone (1993) regarding the pres¬ 
ence of soapstone based on XRD analysis in exam¬ 
ples attributed to Limehouse, thus suggesting that 
soapstone technology initially developed in London. 
A tentative technology pathway involving both soap¬ 
stone and Si-Al-Ca bodies can be postulated stretch¬ 
ing from Bow, possibly through Limehouse and 
thence to Worcester by 1751 via Lund’s Bristol in the 
case of soapstone. Likewise by the early 1750s Nich¬ 
olas Crisp was utilizing Bow’s steatitic recipe at 


58 


WILLIAM R. H. RAMSAY & ELIZABETH G. RAMSAY 


Vauxhall. The Vauxhall low-Ca steatitic recipe is 
mirrored in compositions recognised for Worcester 
and Chaffers Liverpool (Owen ct al., 2000) and Bow 
itself. 

Within much of the writings on early English 
porcelains there is to be discerned a thread which 
might suggest an attitude verging on inferiority when 
compared with the achievements and splendours of 
both Oriental and Continental porcelain. Hobson 
(1910) alludes to aspects of this complex where he 
writes, 

.remember that porcelain was not discovered 

in England by a process of evolution from the 
native earthenware. It was, on the contrary, an 
exotic plant of eastern origin, naturalized and, 
one might say, hybridized on the Continent, and 
brought to England, as it were, in cuttings which 
were planted first in the neighbourhood of 
London and afterwards disseminated in more 
congenial soils. 

This view or variants, which suggests that the 
English are in some way indebted to the Continent 
for the endowment of superior ceramic technology 
and associated knowledge has reappeared at numer¬ 
ous times over the last century in various accounts 
and discussions. We suggest that our understanding 
of early English porcelain initiatives can only claim 
to have come of age when it is recognised and ac¬ 
cepted that the three recipe types described above, 
developed and commercialised by Bow, are essen¬ 
tially indigenous to Britain and possible in part to 
colonial America. The ceramic contribution by Bow 
and its proprietors represents an hitherto unrecog¬ 
nised triumph for the British ceramic tradition and is 
in no way subservient to the Continent. This uncer¬ 
tainty, if not denial of the great indigenous English 
ceramic tradition is nowhere more obvious than in 
the repeated attempts over many years to give away 
these brilliant Bow first patent porcelains to the Ital¬ 
ians or even the Scots. 


CONCLUSIONS 

In this contribution we have presented a classifica¬ 
tion of Bow porcelain based on the inferred recipes 
of the paste used, appearance and physical properties 
of the subsequent bodies produced including translu- 
cency, and associated decoration. This classification, 
which dates the onset of the Bow commercial output 
to c. 1743, has led us to the conclusion that the con¬ 
tribution by the factory proprietors to the develop¬ 


ment of the English porcelain industry has to date 
not been fully appreciated. We consider that it has 
now been scientifically demonstrated that whoever 
was firing the ‘A’-marked group of porcelains was 
replicating the Bow first patent of 1744. We accept 
that the 'A'-marked group of porcelains represents 
the ‘long-lost’ products of this patent and on inte¬ 
grating these remarkable high-fired, hard-paste por¬ 
celains with the later Bow phosphatic second patent 
wares, coupled with Bow’s high-magnesian wares, 
the inescapable conclusion drawn is that the Bow 
manufactory holds an unparalleled position in Eng¬ 
lish 18 Ib century porcelain development. One of 
these bodies is a hard-paste Si-Al-Ca body with an 
associated high-fired Si-Al-Ca glaze, the second a 
bone ash based porcelain, which was to evolve by 
the end of the 18 th century into the widely acclaimed 
English bone ash body. The third paste type relates 
to the high-magnesian body (steatitic) which current 
research suggests was being produced commercially 
by the early to mid 1740s. It is this commercial pro¬ 
duction of three uniquely British porcelain types, all 
within a two to three year period and all peculiar to 
Bow, which more than anything establishes the sig¬ 
nificance of this concern and the stature of its pro¬ 
prietors at a global level. Other aspects of the Bow 
concern include the remarkable entrepreneurial en¬ 
ergy of the early Bow proprietors in sourcing their 
refractory clay, used in the high-firing Si-Al-ca body, 
over 8000 km from the Appalachian ranges, the 
highly sophisticated melding of indigenous and ex¬ 
otic potting forms and decorative themes into the 
earliest recognised luxury porcelains of the mid 
1740s which can bear comparison with Meissen, and 
the growth of the business into arguably the largest 
and most profitable English ceramic concern of its 
day by the mid 1750s. This confluence in intellect, 
technological development, entrepreneurial drive, fi¬ 
nancial acumen, and the linkages with the best in the 
English artistic world including painting, engraving, 
and sculpture (Daniels, 2007) all contained within a 
few years, is possibly unparalleled in the entire his¬ 
tory of British decorative arts. 

Various distinct divisions are recognised for the 
Bow output. Although there is an apparent dichot¬ 
omy in form and decoration between first and sec¬ 
ond patent wares, there is a greater division between 
the two paste compositions (refractory China clay vs 
low-firing ball clay combined with bone ash) yet 
both patent compositions were entered by Thomas 
Frye. The Bow first patent specifies various clay to 
glass ratios ranging from ~1:1 to 1:4, however to 
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date clay contents ranging from 50 - 70 wt% hy¬ 
drous only, have been identified among first patent 
Bow porcelains. Where analyses are available we 
conclude that the glass frit was a lime-alkali frit. In 
one instance we conclude that steatite was being 
mixed with a high-clay body and alum. These first 
patent wares are deduced by both us and Pat Daniels 
to have been commercially produced in London from 
c. 1743 and this raises the questions as to the date 
when experimental firings at Bow commenced and 
when the earliest parcels of Cherokee clay arrived in 
London. Research in this direction is well advanced. 
In addition there arc various contemporary docu¬ 
ments dating from 1743, which might appear to refer 
to Bow first patent porcelains, with the most obvi¬ 
ous, other than the 1744 patent itself, being the Vin¬ 
cennes Privilege of July 1745 as recognised by 
Daniels, the letter written by William Cookworthy 
likewise in July 1745, and the highly significant 
comments written by William Tomlinson Jun. and 
dated 14 lh December 1744. The sudden appearance 
of hard-paste English porcelain requiring the use of 
a refractory China clay, high temperature kiln-firing 
techniques, and its associated decoration showing 
some parallels with Meissen, was quickly recognised 
by the French. Daniels also notes with regard to the 
porcelains exhibited by Thomas Bryand before The 
Royal Society in February 1743, that no other known 
group of English ceramics of that date fit the de¬ 
scription given (refractory body which is resistant to 
thermal stress) oilier than those of the ‘A’-marked 
group, yet there have been numerous attempts to 
force Chelsea glassy, soft-paste porcelains into this 
Procrustean mould. 

We conclude that the 1744 patent of I Ieylyn and 
Frye, which specifies the necessary raw materials 
and the proportions required for the manufacture of 
Bow first patent porcelains is an hitherto overlooked 
landmark document in the history of English ceram¬ 
ics. Wc note also that the potential role played by 
Andrew Duche and the Philadelphia ceramic tradi¬ 
tion needs to be re-evaluated. Previous authors, who 
accepted that Duche did produce porcelain in Savan¬ 
nah (Hommcl, 1934; Gilmer, 1947, 1948), were 
hampered in being unable to recognise any products 
that could reasonably be related to Andrew Duche. 
Wc would contend that this situation may have now 
changed. 

The earliest Bow' second patent wares recognised 
in this paper belong to the Developmental period 
(c. 1746), however we note Tail's comments regard¬ 
ing undecorated white wares, which may be at least 


as early, if not earlier (Experimental period). We pre¬ 
dict that such wares might be characterised by low 
bone ash levels, possible evidence of sagging, and 
demonstrating higher than normal levels of glass 
cullet in the initial paste recipe. On a compositional 
basis, porcelains of the Developmental period closely 
compare with the specifications of the 1749 Bow 
patent, however wares grouped with this period con¬ 
tain the addition of sulphur, derived most likely 
through the presence of gypsum or in some instances, 
possibly alum. Although some early enamelled 
members of this period do have a drab-grey appear¬ 
ance, we would question whether this feature charac¬ 
terises all early enamelled wares. Rather we regard 
this drabness to reflect an artifact of variable kiln fir¬ 
ing conditions. Translucency of the ceramic body for 
items conforming to this period is typically green¬ 
ish-grey to greenish-white to at times creamish- 
white. Porcelains grouped in the New Canton period 
(c. 1747 - 1753) accord with the composition speci¬ 
fied in the 1749 patent but without the addition of a 
sulphur-bearing component, with approximately 25 
wt% crushed quartz, 25 wt% ball clay, and 50 wt% 
‘virgin earth'. It is shown that for this period ‘virgin 
earth’ comprises 90 wt% bone ash and 10 wt% glass 
cullet. Translucency of the porcelain body during 
this period is typically greenish-grey to whitish-grey. 
The Transitional or Target period (1754) likewise 
conforms to the 1749 patent recipe, but with the re- 
introduction of a small addition ofgypsum (~l wt%) 
assuming that this low level does not reflect 
contamination. 

Allhough the Bow manufactory reached its ze¬ 
nith in sales and turnover in 1755 and little change 
can be seen stylistically in the porcelain output until 
the late 1750s. it now appears that c. 1755 the propri¬ 
etors engaged in significant changes to the paste rec¬ 
ipe and in the preparation of the raw materials used. 
During this year ball clay was reduced from around 
25 wt% to 15 wt%, crushed quartz increased from 
25 wt% to around 40 wt%, and gypsum to around 5 
wt% was added. We also infer that glass cullet ceased 
to be added to the porcelain body from around 1755 
and we agree with Tite and Bimson (1991) that this 
change may have coincided with the cessation of ini¬ 
tially fritting the various raw materials. This phase of 
production, termed here the Middle or Bowcockpe¬ 
riod. continued until around 1769. Translucency 
during the Bowcock period varies from yellow brown 
and straw through to distinct reddish hues to non-ex¬ 
istent. This variation in translucency most likely re¬ 
flects declining peak kiln temperatures through time 
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and/or the reduced degree of heat work achieved. A 
fruitful line of future research would be to try and 
discern the main reason or reasons, be they eco¬ 
nomic, improved kiln-firing outcomes, or consumer 
demand for this profound recipe change, which we 
regard as a major unanswered question associated 
with the history of the Bow ceramic output. We have 
previously suggested that one reason for this change 
might be associated with attempts to reduce costs as¬ 
sociated with the procurement of raw materials. A 
second, and possibly more likely reason, for this 
change was the desire to establish a more uniform 
paste composition and hence reduce inferred kiln 
wastage. This change to a more uniform composi¬ 
tion with a significantly reduced variation in the 
fluxing elements can be seen visually by comparing 
the various calculated recipes for the New Canton 
period (Table 9) with those of the subsequent How- 
cock period (Table 13). 

In the Late or Tidswell period (c. 1770 - 1774) 
the proprietors reintroduced glass cullet (both alkali- 
and lead-bearing) but kiln-firing problems appear to 
have occurred, thus resulting in a porcelain body 
often being difficult to distinguish from pottery. 
Translucency is negligible to non-existent. For this 
discussion we have placed the basal boundary for the 
Tidswell period at 1770, however it could prove to be 
a little earlier. A more precise boundary between the 
Bowcock and Tidswell periods needs to be defined 
and again this offers a further avenue for research. 

The third major recipe type developed to a com¬ 
mercial stage by Bow is the high-magnesian body of 
which a small number of examples are now recog¬ 
nised. Possibly the most remarkable example of 
these wares is the George II busts, which Daniels 
(2007) dates to 1744. Next to the ’A’-marked group 
of porcelains, these numbered busts, of which some 
16 examples are known, arc arguably the most im¬ 
portant early English group yet requiring a compel¬ 
ling attribution (Ramsay and Daniels, in prep). 

We note that whereas studies of English porce¬ 
lains using body, glaze, form, and decoration have 
been in the past highly useful in grouping like with 
like, such studies have been less successful in attrib¬ 
uting various porcelain groups to a factory source in 
the absence of supporting information including 
documentary wares, archival material, compositional 
data, and archaeological evidence. Possibly the most 
outstanding example has been the reluctance since 
the 1930s to recognise the significance of the ‘A’- 
marked group, however other examples of this prob¬ 
lem exist. We suggest that although typological 


approaches to the study of English porcelains have 
been very successful during the 19 th and 20"' centu¬ 
ries, such approaches on their own will not sustain 
future scholarship through the 21 s ' century. A case in 
point is that for over the last decade, arguably the 
most significant body of original research into early 
English porcelains has come out of Nova Scotia, not 
the United Kingdom. This research touches on most 
of the major 18 th century English factories yet the 
English ceramic establishment has in many instances 
largely ignored this work. The future challenge will 
be to integrate such results and possibly our analyti¬ 
cal approach adopted in this contribution, into more 
broadly based studies of English ceramics. Likewise 
the importance of rigorous archaeological excava¬ 
tions with full site maps and detailed stratigraphy is 
only recently being given the prominence required. 

In the case of glaze compositions used at the var¬ 
ious English concerns, Ramsay et al. (2003) have 
noted that in many instances, based on the limited 
number of analyses currently available, such glaze 
compositions appear to be highly factory specific. 
As for the glazes used at Bow? Well that is another 
story for another day. 
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APPENDIX 1: SAMPLE PREPARATION: 


Samples of ceramic powder and glaze obtained from 
various Bow porcelain items were mounted in PVC 
blocks and polished. Each block was subsequently 
coated with a film of amorphous carbon (<3nm) to 
prevent a build-up of charge during analysis. Quanti¬ 
tative chemical analyses were performed using a 
JEOL 840A scanning electron microscope (SEM) 
equipped with an Oxford Instruments ATW X-ray 
Energy Dispersive Spectrometer (XEDS). The mi¬ 
croscope was operated at a high-tension of 40 kV, the 
probe current was set at 6 Na and the working dis¬ 
tance at 39 mm. The resolution of the energy-disper¬ 
sive detector was 147 Ev at 5.9 kcV. Typically, the 
live time was 100 seconds. All spectra were acquired 
using a focused (~1 pm diameter) probe. Bulk com¬ 
positions were determined by raster analyses of sin¬ 
gle fields using the maximum available area. All 
quantitative analyses involved applying the ZAF ma¬ 
trix correction procedure to the measured intensities 


of the Na-Ka, Mg-Ka, Al-Koc, Si-Ka. P-Ka, S-Koc, 
K-Ka, Ca-Ka. Ti-K.cc, Fe-Ka and Pb-Loc character¬ 
istic x-ray peaks. Oxygen content was calculated by 
difference based on the assumed stoichiometry of 
the oxides. The internal standards and references 
used in this investigation included apatite (Ca, P), 
anhydrite (S), plagioclase An 65 (Al, Si), tugtupite 
(Na), sanidine (K), iron (Fe). lead (Pb), magnesium 
(Mg) and titanium (Ti). The presence of trace quanti¬ 
ties of other elements was confirmed by inspecting 
spectra by eye. Due to peak overlap, it was not possi¬ 
ble to confirm visually for (a) sulphur when lead was 
present and (b) sodium when remote fluorescence 
from the copper sample holder gave rise to a Cu-L 
peak. In most instances results are regarded as 
+/- 5% however in some cases, where the amount of 
powder was very small, this degree of precision 
would decrease. 
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APPENDIX 2: LIST OF ANALYSED SPECIMENS. 


c China clay, be ball clay, ba bone ash, lg lead glass, 
ag alkali glass, s silica, g gypsum, a alum, st 
steatite. 

Bl. Underglaze blue and white coffee can, private 
collection, (be 18.2, ba46.3, lg3.1. ag4.8, s27.6) 
B3. Underglaze blue and white sauceboat, private 
collection, (be 14. 1, ba37.3, g6.4, s42.2) 

B4. Figure of a bagpipe player in the white, private 
collection. (bcl6.4, ba46.8, lgl.7, ag7.l, s28.0) 
B5. Underglaze blue and white sauceboat, private 
collection, (be 18.4, ba32.1, g3.5, s46.0) 

B8. Figure of seated abbess, private collection. 

(bc24.1, ba41.5, ag4.5, s29.9) 

B9. Bowl with incised line and ‘B’-marked, private 
collection, (be1 5.0. ba40.1, ag6.3, g6.2, s32.4) 
BIO. Mug underglazc blue and white with incised 
line (Knowles Boney mug) private collection. 
(bc29.4, ba42.4, lg0.3, ag6.6, gl.5, sl9.8) 

B11 . Figure of a standing nun in the white, private 
collection, (be 18.9, ba46.2, lg4.4, ag6.5, s24.1) 
B13. Polychrome plate, private collection. (bc25.1, 
ba48, lgl.4, ag5.6, sI9.9) 

B14. Fluted cup, ‘A’-marked, private collection. 
(c43.4, ag56.6) 

B16. Fragment of an applied prunus cup, Victoria 
and Albert Museum, (be 15.5, ba35.8, g4.8, s44) 
B18. Fragment of an underglaze blue and white leaf 
dish, Victoria and Albert Museum, (be 1 6.3, 
ba37.2, lg0.5, ag5.1, g5.6, s35.3) 

B20. Pedestal sauceboat in the white with gilding, 
Victoria and Albert Museum. (bc26.1, ba42.7, 
ag4.4, s26.7) 

B22. Bowl “Target Bowl,” British Museum. (bc20.9, 
ba46.8, ag6.6, g0.8, s24.9) 

B23. Bowl “Success to Trade," British Museum. 

(be 12.4, ba36.4, g5.4, s54.8) 

B24. Mug'Tidswell Mug,” British Museum. (bcI4.0, 
ba30.1. Ig6.8, ag7.0r g 5-0, s37.1) 

B25. Bowl “Bowcock Bowl,” British Museum 
(be 15.8, ba36.6, g4.7, s42.9) 

B28. Figure of Negress with basket in the white, Ne¬ 
wham Borough Council. (bc28.3, ba42.3, Ig8.0, 
ag5.6, s 15.8) 

B29. Figure of female in Turkish costume, Newham 
Borough Council, (be1 1 .6, ba36.7, g8.3, s43.4) 
B30. Single shell-salt. Newham Borough Council. 
(bc20.0, ba43.6, Ig4.3, ag8.3, a5.6, si8.2 or 
bc20.5, ba42.8, lg4.4, agl2.0, g4.1, sl6.2) 


B31. Vase, famille rose, private collection. (bc21.8, 
ba48.3, ag5.9, s24.0) 

B32. Figure of Kitty Clive in the white, private col¬ 
lection. (bc25.6, ba45.8, Ig0.8, agl0.8, si7.0) 
B33. Teapot, polychrome, private collection. (bc33.0, 
ba32.8, Ig0.3. agl.4, s32.5) 

B35. Mug blue ground, private collection, (be 14.3, 
ba32.3, Ig2.4, ag3.8, g7.4, s39.7) 

B36. Mug ‘R’-marked, private collection. (bc29.2, 
ba40.5, lg2.3, ag2.6, s25.4) 

B39. Waster, courtesy of Dr D. Redstone, (be13.2, 
ba4 1.1, lg0.5, ag2.3,g4.3, s38.6) 

B42. Waster underglaze blue Image pattern , cour¬ 
tesy of Dr D. Redstone, (be 12.4, ba39.3, ag3.4, 
g5.7, s44. 1 ) 

B43. Bowl blue and white, British Museum, (be 14.4, 
ba39.4, g5.4, s40.8) 

B51. Teapot ‘A’-marked group, private collection. 
(c50.1, ag49.9) 

B62. Teapot polychrome, Taylor Collection. (bc27.4, 
ba37.1, lgl.4, ag4.4, s29.8) 

B64. Triple shell-salt. Taylor Collection. (bc21.2, 
ba40.7, lg3.4, ag3.3, a 1.6, s29.9) 

B66. Sauceboat polychrome, Taylor Collection. 

(bc27.6, ba46.1 , ag5.3, s21.0) 

B68. Plate undcrglaze blue, Taylor Collection. 

(bc2l .5, ba33.2, lg6.6, ag4.3, g8.4, s26.0) 

B71. Shell stand in the white, private collection. 

(bc22.4, ba39.5, lgl.2, agl3.2, s23.7) 

B73. ‘R’-marked cup and saucer in the white, private 
collection. (bc24.6, ba38.9, Ig4.8, ag7.4, s24.3) 
B79. Tea-canister of the ‘A’-marked class, National 
Gallery of Victoria. (c66.6, a5.8, agl5.6, st 
12 . 0 ) 

B96. Figure of pug dog in the white, private collec¬ 
tion. (bc30.6, ba32.2, lg 10.2, ag5.4, s21.6) 

B97. Covered sugar bowl ‘A’-marked group, Mel¬ 
bourne Cricket Club Museum. (c59.0, ag41.0) 

Bl 16. Lid to vase belonging to a garniture of vases, 
Hamilton Art Gallery, (bcll.2. ba4l.2, ag4.4, 
s27.3) 

B11 7. Base to vase belonging to a garniture of vases, 
Hamilton Art Gallery, (bc'26.8, ba4l.2, ag3.5, 
s28.5) 

B119. Waster ‘R’-marked, courtesy of Dr D. Red¬ 
stone. (bc25.0, ba46.9, lg0.4, ag5.2, s22.6) 

B128. Figure Ki-Mao-Sao in the white, private col¬ 
lection. (bc2 1.0, ba52.3, lg().5, ag7.7, si8.5) 
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Turbo undulatus (Lightfoot, 1786) shells form an almost mono-specific assemblage approximately 
8m above present sea level at Point Ritchie. The shell deposit occurs in two locations as a surficial scat¬ 
ter on a now partly collapsed rock stack and as in situ material in a calcarenite layer on the adjacent 
headland. Stratigraphic investigations and dating using radiocarbon, thermoluminescence, amino-acid 
raccmisation and ESR techniques show the deposit was formed prior to the eruption of Tower Hill vol¬ 
cano (~35ka) with a most likely age of 60 80ka. At the time of its formation the shell assemblage was 

deposited above its contemporaneous sea level in a terrestrial environment. The absence of water round¬ 
ing in shells and clasts and other characteristics indicate the deposit is unlikely to be storm beach or tsu¬ 
nami deposit. It is most likely a midden although the identity of the species responsible is not known. The 
deposit does show many similarities to human middens but lacks artifacts or human skeletal material. It is 
an enigmatic deposit which has generated considerable interest because of the implications it would have 
for the arrival time of the first Australians if it was established as human in origin. 

Key words: Turbo undulatus, shell bed, midden, dating, sea level 


POINT Ritchie is located on the western side of the 
mouth of the Hopkins River, Warrnambool, Victoria 
(Fig. 1). It is the site of a shell deposit containing 
both marine and terrestrial motluscan species, crus¬ 
tacean and fish remains and charcoal. The site's ele¬ 
vation (>8m above present sea level), unusual species 
assemblage and the absence of water rounding 
amongst the angular broken shell fragments and 
cobbles present in the deposit, led to a hypothesis 
that the site was an Aboriginal shell midden (Pres¬ 
cott and Sherwood 1988). Subsequently a detailed 
study established a most likely age of 60 ± 20ka for 
the deposit (Sherwood et al 1994). This age assign¬ 
ment was based on data obtained from thermolumi¬ 
nescence (TL), electron spin resonance (ESR), 
amino aci raccmisation (AAR) and carbon-14 ( U C) 
techniques. Uranium scries dating was attempted but 
proved unsatisfactory since shells did not behave as 
closed systems. An Aboriginal shell midden of this 
antiquity would have important implications for the 
arrival time of the first Australians. 

A number of Pleistocene Australian archaeologi¬ 
cal sites have been studied and dated. While the va¬ 
lidity of some of these dates has been questioned (see 
O’Connell and Allen 2004) none of them indicate the 
arrival of humans in Australia before ca. 60 - 70ka 


(Bowler et al 2003; Thorne et al 1999; Roberts et al 
1994). While the presence of humans by ~30 - 45ka 
at Bluff Cave, Tasmania (Cosgrove 1989) and Devil’s 
Lair, Western Australia (Turney et al 2001) indicates 
that by this time Aborigines had traveled to the west¬ 
ern- and southern-most regions of the continent the 
oldest marine middens in the southeastern Australian 
region date at ~9.5 - 1 Oka (Cann et al 1991, Godfrey 
et al 1995: Table 4). Pleistocene middens formed 
close to the coast at lower relative sea level would be 
drowned when the sea advanced however. 

We report here the first detailed site description 
of the Point Ritchie shell deposit and analyse evi¬ 
dence supporting an origin for it based on either 
predator selection (i.e. the site is an animal, possibly 
human, midden) or geo-physical processes (i.e. a 
“natural” shell deposit). 

FIELD SURVEYS 

Some information on the site was collected during 
field visits by one of us (JS) with E.D. Gill (now de¬ 
ceased). He originally recognized the potential sig¬ 
nificance of the site and his personal notebooks were 
the source of some of the site information reported 
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Locations of the shell deposit at Point Ritchie, the western headland of Warrnambool s Hopkins River estuary. 


Fig. 1. 

here. Those of Gill's field notebooks which cover 
western Victoria are presently held at Deakin Uni¬ 
versity’s Warrnambool campus library. 

Specimens collected from the site, particularly 
those eroding from the Headland Deposit are curated 
at Deakin University’s Warrnambool campus. 

Quadrats and Species Counts. Quadrats (25cm x 
25 cm) were randomly placed in three areas of dense 
shell accumulation on West Stack. The location of 
these quadrats was noted. All loose surface material 
was brushed away with a large paint brush before 
counts were undertaken to avoid counting any mate¬ 
rial that was not in situ. Once loose material was 
removed counts were made of all identifiable shell 
fragments (Table 1). To avoid double-counting, 
counted shells were marked with a black dot. Spe¬ 
cies counts from the headland deposit were under¬ 
taken on specimens collected by Edmund Gill, John 
Sherwood and Hannah Nair. 


SITE LOCATION AND STRATIGRAPHY 

Warrnambool is located on the south west coast of 
Victoria (lat. 38°23’ S long. 142°29’ E). At its east¬ 
ern edge it is flanked by the estuary of the Hopkins 
River (Fig. 1). The estuary extends approximately 9 
km upstream. At the estuarine limit the river is barred 
by a basalt lava flow which infills an old course of 
the Hopkins River dated by K/Ar at 650ka (Gill 
1981 ). For most of its length the estuary occupies a 
drowned river valley cut into Port Campbell Lime¬ 
stone - a marine calci-siltitc of Miocene age (Gill 
1943). Near the mouth a series of cemented calcare¬ 
ous aeolian and shallow water marine formations 
overlie the Port Campbell Limestone. 

At the western side of the estuary mouth is a 
rocky headland. Point Ritchie (Fig. 1). Holocene un¬ 
cemented calcareous sands cap this headland and 
also constitute the eastern side of the estuary mouth 
where they have collected as a dune under the influ- 
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ence of prevailing south west winds. South of the 
headland are two rock stacks - East and West Stack 
- cut off from the headland by coastal erosion. The 
shell deposit of interest in this paper is exposed in 
two situations: 

(a) In the headland itself where marine shells and 
charcoal are exposed by erosion of a calcarenite 
sand between two calcrete layers (referred to as 
“upper” and “lower” calcrete). This deposit is re¬ 
ferred to as the “Headland Deposit” 

(b) On the surface of a large rifted and tilted rock 
slab which has fallen from a promontory which 
juts into the sea, referred to as the “West Stack 
Deposit” (Fig. 2). 

Stratigraphy of Point Ritchie Headland 

East Stack is composed of a cross-bedded calcaren¬ 
ite - the oldest material exposed at Point Ritchie 
headland. This also forms the base of a valley fill se¬ 
quence in both the headland and West Stack (Fig. 3). 
Oyston (1996) determined the age of this basal unit 
as 263 ± 30ka using the thermoluminescence 
method. The material that forms East Stack is a 
highly cemented dune aeolianitc containing numer¬ 
ous rhizomorphs (evidence the dune was once vege¬ 
tated). It is referred to throughout this paper as the 
East Stack Calcarenite. 

Overlying the East Stack Calcarenite on the 
headland is a terrestrial sequence occupying a small 
valley or swale. This valley is exposed in the south¬ 
west cliff of Point Ritchie and its floor dips to the 
north-east. On the eastern side of the headland the 
valley floor goes below sea level, indicating a lower 
sea level at its formation. A previously described 
calci-siltite loess (Gill and Segnit 1982) is the oldest 
member of the terrestrial sequence infilling the val¬ 
ley (Fig. 3). 

A calcarenite sand coloured 7.5 YR 5/4 (strong 
brown) to 10 YR 7/4 (very pale brown) overlies the 
loess. The sand is generally cemented and contains 
small rounded Hat pieces of marine shell (<10mm 
dia.) suggesting proximity to the sea. Cross-bedding 
and rhizomorphs are present. On the sand is a thick 
terra rossa soil. Its colour varies from 2.5 YR 5/4 
(reddish brown) to 2.5 YR 4/6 (red). The terra rossa 
soil contains fossil planispiral snails and small rhizo¬ 
morphs suggesting it was associated with low scrub 
i.e. dry, or seasonally dry conditions. It is cemented 
into a solid band and includes pieces of grey to black, 
mostly angular, calcrete. Above this the sequence 
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Fig. 2. A: The shell deposit on the surface of West 
Stack, Point Ritchie. Scale: 20 mm = 35 mm. B: View from 
Point Ritchie headland, showing the West Stack block (top 
left of photo) and the Headland Deposit (right). Note the 
upper and lower calcrete layers of the Headland Deposit 
(arrowed). 

consists of inter-bedded calcarenites and terra rossa 
soils. Thin calcretes (< 50mm) arc associated with 
the soils. Sherwood et al (1994) and Oyston (1996) 
obtained a consistent series of TL ages for these val¬ 
ley fill deposits showing they had accumulated be¬ 
tween 1 OOka and 200ka. 

At the top of this sequence a horizontal calcrete 
layer (the “lower calcrete”) sits unconformably over 
the valley beds (Fig. 2B). In places traces of an over- 
lying terra rossa (5 YR 5/4 “reddish brown") remain 
but this has generally been stripped away. The cal¬ 
crete varies greatly in thickness, in places it is up to 
1.25m. A second calcrete (the “upper calcrete”) 
shows very similar properties - traces of its associ¬ 
ated terra-rossa soil (7.5 YR 5/4 “strong brown”) 
occur above it. The calcarenite (7.5 YR 6/4 “light 
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Fig. 3. Stratigraphic sections of West Stack anti the south facing cliff of Point Ritchie headland (one on the west anil one 
on the east side of the cliff). The two uppermost calcrete layers in the headland sections represent the “upper” and "lower” 
calcretes. These contain the Headland deposit. The lower calcrete corresponds to the layer seen at the top of the West Stack 
profile (which contains the West Stack deposit). The ‘N’ symbol indicates the profiles are represented facing north. 


brown”) lying between the upper and lower calcretes 
has been identified as a small exposure of the Den- 
nington Sand (Gill 1976) formed ~100ka - 70ka 
(Oyston 1996). Marine fossils have been found erod¬ 
ing from this calcarenitc along an exposure of ~90m 
on the south edge of the headland. 

This calearenite also contains numerous terres¬ 
trial snails and rhizomorphs. From the habitat pref¬ 
erences of these snails (Table 2) it would seem the 
calcarenitc supported a scrub or hcathland in a dry 
and/or coastal region (Smith and Kershaw 1979). 
The calearenite has locally hardened areas but is 
generally soft (penetrometer readings 3.5 to 4kg. 
cm). Erosion of the calearenite has led to deep un¬ 
dercutting (up to 2nt) of the upper calcrete in places. 
A third calcrete layer (the “middle calcrete”) approx¬ 
imately 150mm thick occurs within the calcarenitc 
as the upper and lower calcretes diverge towards the 
west of the headland. It represents an intermediate 
period of soil formation. 

Above the upper calcrete is a thin laminated 
mamillary calcrete less than 10mm thick. A brown 
soil containing Tower Hill Tuff covers the calcrete 


except near the cliff edge where it has been stripped 
away by wind erosion. This soil thus post-dates the 
Tower Hill eruption which has been dated at 35 ± 
3ka (Sherwood et al 2005). A midden in this soil 
gave a radiocarbon age of 3.9 ± 0.05ka (SUA 2016) 
based on shells of Turbo undulatus , the dominant 
species present. 

Yellow-brown, free flowing calearenite sand 
forms the uppermost unit in the sequence and con¬ 
tains immature grey soils. A midden exposed in one 
of these soils at the west of Point Ritchie had a radio¬ 
carbon age of 1 ± 0.2ka (SUA 1615). This age was 
again determined on T. undulatus , the dominant mid¬ 
den species. 

Stratigraphy of West Stack 

The upper portion of this stack has been undercut 
and has subsequently split and collapsed into three 
pieces. To the east the largest slab now lies at a steep 
angle on the beach, resting against the lower portion 
of the stack. Another piece, now itself split in half, 
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QUADRAT NO. 

SPECIES 

COUNT* 

SIZE RANGE+ 

WSSouthl 

Turbo undulalus 

24 

1.9cm - 4.7cm 

57cm south of north edge and 2m 
from east edge of west stack south 

(Lightfoot, 1786) 

Turbo undulalus 

3 

0.4cm - 2.2cm 

block. 

(operculae) 

Turbo torquatus 

1 

2.90cm 


(Gmelin, 1791) 

(operculum, incomplete) 

Hipponyx conicus 

5 

0.9cm - 2.0cm 


(Schumacher. 1817) 

Unidentifiable fragments 

206 

0.1cm-4.0cm 

WSNorthl 55cm north of south edge 

Turbo undulalus 

20 

0.9cm - 3.1cm 

and 1.3m from west edge of west 

Turbo undulalus 

2 

0.7cm - 2.2cm 

stack north block. 

(operculae) 

Hipponyx conicus 

3 

1.3cm - 1.8cm 


Unidentifiable fragments 

285 

0.05cm - 3.2cm 

WSNorth2 29.5cm north of south 

Turbo undulalus 

13 

2.3cm - 3.1cm 

edge and 24cm from west edge of 

Turbo undulalus 

5 

0.8cm - 1.9cm 

west stack north block. 

(operculae) 

Hipponix conicus 

3 

1.7cm - 2.1cm 


Thais orbila (Gmelin, 1791) 

1 

7.0cm 


Unidentifiable fragments 

183 

0.1cm - 3.4cm 


* Shells counted possessed a columella and had one or more whorls intact. This gives a minimum estimate of the number of 
individuals. 

+ Turbo undulalus shells and operculae, Turbo torquatus operculae, Hipponyx conicus shells measured at widest point. Length 
of Thais orbila measured. 


Table 1. Species composition and size ranges for 3 quadrat surveys (each 625cm 2 ) of the West Stack deposit. 


fell to the west and also rests against the lower por¬ 
tion of the stack. Their once horizontal surfaces now 
dip to the west at an angle of approximately 15°. The 
West Stack block appears to have become separated 
by erosion from the main headland section and cor¬ 
responding strata can be seen in the stratigraphic di¬ 
agrams (Fig. 3) of the detached West Stack block 
and the main headland section. The calcrete layer 
containing the West Stack deposit is represented in 
the main headland section as the ‘lower calcrete’ 
(Fig. 3). 

The West Stack shell deposit covers ~7m 2 and 
comprises highly fragmented and angular shell ma¬ 
terial, along with some near- or complete shells em¬ 
bedded in a cemented calcarenite sand (Fig. 2A). 
The calcarenite sand is underlain by a calcrete of 
variable thickness (<5mm to 300mm). At one site it 
is overlain by a possibly residual capping block of 
calcrete (~300mm square and 50 - 100mm thick). 
Thin (<5mm) laminated calcretes are interleaved 
with the calcarenite sand and calcrete slabs up to 
50mm thick occur embedded in it. Rhizomorphs run 
through the calcarenite and along the surface of the 


lower calcrete. This shell deposit is less than lOOmrn 
in thickness and is referred to as the West Stack de¬ 
posit throughout this paper. The high degree of frag¬ 
mentation of the shell is consistent with this deposit 
being a lag deposit - wind-winnowing of sediment 
has left the relatively thin layer of predominantly 
broken shell and cobbles now cemented together. 

Blackened clasts occur together with shell mate¬ 
rial on the West Stack block. Thermoluminescencc 
studies suggest these stones have not been strongly 
heated and so they may not be hearth stones as their 
appearance suggests (Sherwood et al 1994). 

Last Interglacial Storm Beach Deposits 

Nine lenses of mostly rounded pebbles, boulders and 
shell fragments embedded in coarse sands have been 
found attached to the East Stack Calcarenite or fill¬ 
ing notches cut in it. Turbo undulalus is the domi¬ 
nant species present in the lenses but T. torquatus 
Gmclin, 1791 operculae have been found in three 
lenses. The latter is not known in deposits younger 
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than the Last Interglacial in Western Victoria (Valen¬ 
tine 1965). A radiocarbon age on T. undulatus col¬ 
lected from a lens on the East Stack gave an age of 
41.2 (+2.7/-2.0) ka (SUA 2020) and is interpreted as 
at the limit of the method. This is supported by ESR 
dating which suggests a Last Interglacial age (Goede 
1989; Sherwood el al 1994). The lenses occur to a 
maximum height of approximately 4m above present 
sea level and appear to be the remains of a storm 
beach deposit of Last Interglacial age, perhaps cor¬ 
responding to the +4m sea level peak of 1 lOka (Gill 
and Amin 1975). 


DATING OF THE WEST STACK DEPOSIT 

A number of techniques have been used to date the 
Headland and West Stack shell deposits at Point 
Ritchie (Sherwood et al 1994). The reported age of 
60 ± 20ka is based on determinations by AAS, ESR. 
TL and M C techniques. The age of the shell deposits 
must exceed that of the Tower Hill tuff (35 ± 3ka 
(Sherwood et al 2005) based on their relative strati¬ 
graphic positions. Radiocarbon age determinations 
based on shells and charcoal samples from the 
headland deposit were not concordant (i.e. the ages 
did not overlap within 3 standard deviations; Sher¬ 
wood et al 1994). Aragonite, present in mollusc 
shells, can recrystallise over time to form calcitc 
(Head 1991) and materials in which recrystallisa¬ 
tion has occurred approximate an open geochemi¬ 
cal system (Chappell and Pollach 1972). This allows 
older materials to become contaminated with 
younger l4 C, resulting in a false, younger radiocar¬ 
bon age (Chappell and Polach 1972). The skeletal 
carbonate of molluscs is very susceptible to rccrys- 
tallisation and material recrystallised as sparry cal- 
cite cannot yield a reliable l4 C age (Chappell and 
Polach 1972). Calcium carbonate leached out of 
rocks can also have an effect on the l4 C content of a 
shell (Yates et al 2002). 

As part of this study a further radiocarbon date 
was measured for Turbo undulatus shell material ob¬ 
tained from the West Stack deposit. It gave an age of 
>40ka (Wk - 17335). Physical pretreatment of the 
shell material involved cleaning of its surfaces, 
washing in an ultrasonic bath and testing for recrys¬ 
tallisation of aragonite to calcitc. The sample was 
then chemically pretreated by acid washing using 
2M dilute HCI for 150 seconds, rinsed and dried. 
Advice received from the University of Waikato Ra¬ 
diocarbon Dating Laboratory stated the age of the 


shell material was beyond the scope of the conven¬ 
tional radiocarbon method. The Waikato Laboratory 
also advised that no recrystallisation of aragonite to 
calcite appeared to have occurred in the sample. 

This supports the view of Sherwood et al (1994) 
that other apparently finite ,4 C ages exceeding 30 ka 
are most likely unreliable for this site. 

Three dating techniques other than ,4 C have been 
used to estimate the age of the shell deposits. Two of 
these give relative ages (Electron Spin Resonance 
(ESR) and Amino Acid Racemisation (AAR)) while 
Thermoluminescencc (TL) gives an absolute age 
subject to assumptions about dose rates and moisture 
content of sediments over the time since deposition. 
ESR and AAR use shell material while TL tests 
quartz grains in the sediment matrix. TL determina¬ 
tions by Sherwood et al (1994) and Oyston (1996) 
gave ages of 67 ± 1 Oka and 93 ± Ilka respectively. 
Goede (1989) assigned a late Last Interglacial age to 
the shell deposit based on ESR dating. The site’s 
equivalent dose (106 +9/-7 Gray) was significantly 
lower than a late Last Interglacial shell deposit at 
Goose Lagoon (187 Gray) and the storm beach de¬ 
posits at Point Ritchie (149 +15/-19; 126 +39/-26 
Gray ). AAR gave a relative age intermediate between 
Holocene and the Last Interglacial based on shells 
from Goose Lagoon and elsewhere. The Goose La¬ 
goon shell deposit (elevation = 3.2m AHD) has been 
recommended as a Last Interglacial reference site 
for western Victoria because of the concordance of 
age determinations for all dating techniques. It gave 
U/Th ages of 95 -1 Olka, a Pa/U age of 86 ± Ska and 
a Pa/Th age of 109 ± 18ka based on 4 shell samples 
(Sherwood et al 1994). 

Collectively these age determinations support a 
late Last Interglacial age for the shell deposit - most 
likely the 80ka sea level maximum during which the 
Dennington Sand was deposited. 

SPECIES COMPOSITION OF THE 
POINT RITCHIE DEPOSITS 

Analysis of the species composition of a deposit can 
provide information about its environment of depo¬ 
sition, evidence of anthropogenic or zoological (for 
example, by birds) selection of species as a food re¬ 
source and evidence for size selection of shells due 
to predator behaviour or sorting of sediments by 
physical processes such as wind or wave action. In 
addition to ascertaining what species are present in 
the Point Ritchie deposit, species composition analy- 
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sis provided information on relative abundance and 
size range of species. 

West Stack deposit 

This deposit appears to contain a very limited fauna, 
comprised largely (among the identifiable material) 
of the edible rocky shore gastropod Turbo undulatus 
(Table I). The size range of these shells is also lim¬ 
ited. This may be evidence of predator selection or, 
alternatively, a product of the taphonomy of the site; 
there is an extremely large number, and proportion, 
of unidentifiable shell fragments present (Table 1; 
Fig. 2A). The West Stack deposit also contains an in¬ 
complete T. torquatus operculum, a rocky shore gas¬ 
tropod that became locally extinct at the end of the 
Last Interglacial period (Valentine 1965). The pres¬ 
ence of this fossil provides a minimum age (older 
than Holocene) for the deposit. Examination of a dis¬ 
aggregated calcrete matrix sample (10 grams) re¬ 
vealed no Foraminifera. Specimens of Ammonia (2 
individuals) and Lamellodiscorbis (14 individuals) 
were identified in thin sections but could not be iden¬ 
tified to species level. The apparent near absence of 
Foraminifera in the sediment supports a terrestrial or¬ 
igin for the deposit (aquatic sediments contain tens to 
hundreds of individuals per gram; Gill et al 1991). 

The Headland Deposit 

This deposit contains a high diversity of species, al¬ 
though the counts of those species are relatively 
small (Table 2). It is an unusual assemblage as it 
contains species from several environments. Com¬ 
mon rocky coast species are present and all currently 
occur in western Victoria. A group of smaller gastro¬ 
pods inhabits estuaries or saline lakes away from di¬ 
rect marine influence. The site yielded a single 
otolith of the marine fish Argyrosomus hololepido- 
tus (Lacepede, 1801) (or mulloway) which often en¬ 
ters estuaries. Based on the size of otoliths of this 
species the one found in the deposit is from a fish 70 
-90cm in length with a mass of 3.5 -5.5kg. Another 
component of this assemblage is a collection of ter¬ 
restrial gastropods. These species all inhabit drier 
coastal woodland or heath environments. 

Foraminifera collected from this layer are pre¬ 
dominantly open estuary/intertidal species (Table 3). 
Their low abundances in the calcarenite indicate they 
were transported by wind along with sand grains 


from nearby aquatic environments. Ammonia aote- 
ana Finlay, 1940 is widely distributed in brackish en¬ 
vironments but is also abundant intertidally. Although 
the source environment of A. aoleana may differ the 
taphonomic characteristics of these specimens were 
largely similar to those of the other species suggest¬ 
ing they may have been exposed to similar environ¬ 
mental conditions. Identification of Lamellodiscorbis 
dimidiatus (Jones and Parker, 1862) was based on 
information from Hansen and Revets (1992). Identi¬ 
fication of A. aoleana was based on a revised taxon¬ 
omy of the genus Ammonia (Strotz 2003). The 
Elphidium sp. present in the calcarenite layer is most 
likely E. crisptim crispum , Linne, 1758 however the 
umbonal boss (Hayward et al 1997) is only visible in 
the better preserved specimens. Very few Quinquc- 
loculina sp. (Yassini and Jones 1995) were found in 
sediment from the calarenite layer and those that 
were present lacked distinguishable features, such as 
the aperture. Thus, identification to species level was 
not possible in this case. All species identified in 
sediment from the calcarenite layer are Recent 
forms. 


SEA LEVEL AT THE TIME OF DEPOSITION 
OF THE SHELL DEPOSIT 

Stability of the SE Australian crust since deposition 
of the shell deposit 

Accumulation of marine shells and remains of other 
species at Point Ritchie requires that the headland 
was located in close proximity to the coast of the 
time. Based on sea level curves for the last 140,000 
years (Fig. 4) there are three higher sea level stands 
between 80ka and I25ka when sea level was within 
30m of the present. 

When interpreting palaeosealevel data however 
the effect of uplift or subsidence must be considered 
as this can impact significantly on apparent high or 
low sea level stands. The southern Australian coast¬ 
line is a passive continental margin situated in a tec¬ 
tonically stable intraplate setting (Murray-Wallace 
2002). It is therefore much less susceptible to tec¬ 
tonic uplift than sites located in tectonically active 
zones such as the Huon Peninsula, Papua New 
Guinea (Lambeck and Chappell 2001) or Ryukyus 
Island, Japan (Sasaki et al 2004). it is also a far-field 
site, meaning it is not in close proximity to the loca¬ 
tion of former ice sheets present during glacial 
maxima (Murray-Wallace 2002). Sea level change in 
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SPECIES 

COUNT* 

SIZE RANGE A 

HABITAT/ ENVIRONMENT- 1 

Turbo undulatus 
(Lightfoot. 1786) 

10 

2.80-4.60 cm 

Common on rocks in the lower littoral zone and in- 
fralittoral fringe on medium - high 

Turbo undulatus (operculum) 

1 

1.90 cm 

energy coasts to 6m depth. 

Hipponyx conicus 
(Schumacher, 1817) 

4 

1.10- 1.40 cm 

Common on southern Australian reefs attached to 
Turbo spp.. Haliotis spp„ Plettroploca australasia , 
Plerynotus triformis, Chlamys bifrons and Pinna. 

Plaxiphora albida 
(Blainville, 1825) plate 

7 

1.90-3.00 cm 

Rocky coasts. 

Haliotis sp. 

1 

7 cm 

Common on sub-tidal reef. 

Salinaior fragilis 
(Lamarck, 1822) 

1 (juv.) 

0.30 cm 

Southeast Australian coast mid - upper littoral zone 
in sheltered marine inlets on mud and seagrass flats. 

Hydrococcus brazieri 

Tenison Woods, 1876 

4 

0.15-0.21 cm 

Common in saltmarsh areas of southern Australia 
- marginal salt lakes, back dime swamps, estuaries 
and tidal flats. Although requiring coverage by sea 
water at intervals they are found well above the high 
neap tide mark. They have a wide temperature and 
salinity tolerance. 

Balillaria (Batillariella) 
estuarine (Tate. 1893) 

2 

0.90- 1.60 cm 

Estuaries. 

Succinea (Attstmsuccinea) 
australis ( Ferussac, 1821) 

4 

0.81 -0.98 cm 

Not aquatic but mainly found in damp, even semi- 
aquatic environments. 

Coxiella striata 
(Reeve, 1842) 

4 

0.60 - 0.85 cm 

Found in western Victoria, eastern South Australia, 
eastern Bass Strait islands and south and eastern Tas¬ 
mania. Saline lakes usually away from direct marine 
influence. 

Magilaoma penolensis 
(Cox, 1868) 

5 

0.15-0.21 cm 

Found throughout southeastern Australia in litter and 
ground vegetation in drier and coastal areas. 

Pernagera officeri 
(Legrand, 1871) 

16 

0.31 - 0.40 cm 

Found in southern Victoria, eastern Bass Strait 
islands and northern Tasmania in litter and under¬ 
ground vegetation in dry scrub and heath areas. 

Strangesta ganleri 
(Brazier, 1872) 

8 

0.90 - 1.20 cm 

Found in southeastern South Australia and south¬ 
western Victoria under ground cover, dry forest to 
woodland scrub and coastal heath. 

Limpet 

(Family Acmaeidae) 

1 

1.8 cm 

Inhabit the shore region attached to rocks, algae or 
other animals. 

Ozius tntncatus b 
Milne-Edwards, 1834 

3 

3.80 cm 

Found from southern Western Australia along the 
southern Australian coast north to southern Queens¬ 
land. Can be quite common on the intertidal and very 
shallow subtidal rocky shores of southern Australia. 

A rgyrosomus hololepidotus 
(Lacepede, 1801) otolith 

1 

2.10 cm 

Inhabit shallow seas and often enter estuaries. 

Sponge spicules 

2 

0.10 cm 

Aquatic. 


* Shells counted possessed a columella and had one or more whorls intact. This gives a minimum estimate of the number of 
individuals. Counts made of specimens collected by Edmund Gill, John Sherwood and Hannah Nair. 

A Turbo undulatus shells and operculae. Turbo torquatus shells and operculae, limpets, bivalves, Plaxiphora albida plates, 
Hipponyx conicus, Slmngesta ganleri. Pemagera officeri, Salinaior fragitis. Hydmcoccus hntzieri, Balillaria estuarine. 
Magilaoma penolensis measured at widest point. Length of Thais orbila, Sticciiica australis, Coxiella striata shells, Ozius 
truncates claw fragments, Argymsomus hololepidotus otolith measured. 
a Jones & Morgan 1994; Ludbroofc 1984; Smith & Kershaw 1 979; Thomson 1977; Macpherson & Gabriel 1962. 
b Single claw/portion of claw count; most complete claw portion measurement noted. 

Table 2. Headland Deposit species, their size ranges and habitat preferences. 
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SPECIES 

COUNT' 

(orgs/g 

sediment) 

HABITAT/ENVlRONMENT r 

Ammonia aoteana Finlay, 1940 

0.47 

Widely distributed in brackish - slightly brackish environments but 
not restricted to such environments. Often abundant intertidally and 
subtidally. 

Elphidium sp. 8 Linn6, 1758 

0.64 

Open estuaries, intertidal zone of inner shelf (0-20m depth), normal 
salinity. 

Lamellodiscorbis dimidiatus 
(Jones and Parker, 1862) 

0.56 

Open estuaries, intertidal zone. Greatest abundance in normal salin¬ 
ity conditions, exposed, high energy coarse substrates at shallow 
inner-shelf depths. 

Lamellodiscorbis sp. J 

- 

As for L. dimidiatus. 

Quinquetoculina sp. 

0.05 

Open estuaries, intertidal zone of inner shelf. 

Unidentifiable individuals' 

1.20 



c specimens in 1 OOg or sediment counted 

d 14 detected in thin sections. No other Lamellodiscorbis taxa in picked samples so likely these are L. dimidiatus. 
e These samples possessed a lenticular shape and evidence of chambers however they were too worn to have their diagnostic 
features intact. 

f Hayward et al 1997; Yassini & Jones 1995. 
g Most likely Elphidium crispum crispum (see text). 

Table 3. Forantinifera found in the headland deposit. 


Age (ka) 



Oxygen Isotope Stages 


Fig. 4. Relative sea level at Huon Peninsula, Papua New Guinea (adapted from Oyston 1996 and based on Lambeck & 
Chappell 2001; Chappell and Shacklcton 1986) with sea level data from southern Australia (solid points, references below). 
Oxygen isotope stages (Chappell 1983) are represented in the OIS scale bar at the bottom of the graph. Sea level data from 
southern Australia: Gill and Amin 1975, Warrnambool; Hails et al 1984, Spencer Gulf, SA; Schwebel 1984, Coorong 
Coastal Plain; Murray-Wallace 2002, Coorong Coastal Plain; Murray-Wallace et al 2001, Coorong Coastal Plain; Cann et 
al 1988, Gulf St. Vincent, SA; Cann et al 1993, Gulf St. Vincent, SA; Murray-Wallace et al 1993, Gulf St. Vincent, SA. 
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Last Interglacial shoreline elevations across SE Australia (Murray-Wallace 2002). 
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far-field sites is generally glacio-eustatic in origin 
and is modulated by local hydro-isostatic effects 
(Nakada and Lambeck 1989). 

The dune morphology of the Robe and Woak- 
wine Ranges, part of the Coorong Coastal Plain, is 
similar to that seen in Pleistocene dune lines in the 
Warrnambool area. The Warrnambool, Robe and 
Woakwine dunes contain calcrete and terra rossa soil 
horizons (Cann et al 1999; Oyston 1996). Analogous 
stratigraphic formations can also be traced from the 
Eyre Peninsula east into western Victoria. Sediments 
in the Glanville Formation (Eyre Peninsula region) 
were deposited during the Last Interglacial maxi¬ 
mum sea level stand and have been dated at 110 
(+19/-17)ka by Belpcrio (1985). The Bridgewater 
Formation and Woakwine Barrier (Coorong Coastal 
Plain) contain aeolian facies of equivalent age (Hails 
et al 1984). Extending into western Victoria, the 
Woakwine Barrier is represented by a dune acolian- 
ite, the Dennington Sand (Murray-Wallace 2002). 
Equivalent facies can thus be followed from the sta¬ 
ble Eyre Peninsula through to the Warrnambool area 
in western Victoria. Last Interglacial sea level and 
the varying degrees of local uplifl/subsidencc can 
thus be compared on a regional scale. 

Although the southern Australian coastline is 
considered relatively tectonically stable (Cann et al 
1993; Gill and Amin 1975; Haworth et al 2002) re¬ 
gional variations in uplift und subsidence do occur 
(Fig. 5). Sites of Quaternary volcanism show ele¬ 
vated Last Interglacial marine deposits. This is 
largely due to regional epeirogenic uplift (Murray- 
Wallace 2002) caused by magma accumulation 
(Cann et al 1999). Raised marine deposits up to 18tn 
above present sea level have been observed along the 
coast south of Mount Schank and Mount Gambier, 
South Australia - volcanoes active during the Qua¬ 
ternary (Cann et al 1999; Murray-Wallace et al 
1996). South Australia’s Fleurieu Peninsula is situ¬ 
ated on the Adelaide Foldbelt and ongoing uplift in 
this region accounts for an apparently higher Last 
Interglacial sea level stand (+6 m, Murray-Wallacc 
and Belperio 1991) during the Pleistocene (Belperio 
1995). However, South Australia’s Eyre Peninsula is 
situated on the stable Gawler Craton and provides 
the most consistent record of Pleistocene sea level 
history in Australia, with a level of+2 m for the Last 
Interglacial (Murray-Wallace and Belperio 1991). 

While the peninsulas mentioned above are cur¬ 
rently undergoing uplift or arc stable. Gulf St Vincent 
and Spencer Gulf have a record of subsidence (Belp¬ 
erio 1995). The Coorong Coastal Plain is affected by 


minor uplift; Belperio and Cann (1990) calculated an 
uplift rate of 0.07mm/yr for this region and Last 
Interglacial raised marine deposits (8m to 10m above 
present sea level) are consistent with such a rate of 
uplift (Murray-Wallacc and Belpcrio 1991). Quater¬ 
nary uplift in this region may be due to its proximity 
to volcanism at Mount Gambier (Sprigg 1952). 

Gill and Amin (1975) argue the coastline at War¬ 
rnambool is stable and free of uplift as it sits on top 
of a stable geophysical block, the Warrnambool Plat¬ 
form, or Warrnambool High, and the Miocene ma¬ 
rine strata in the area remain horizontal. While it is 
possible that there has been some localized elevation 
due to tcctonism associated with the Tower Hill erup¬ 
tion this appears to be slight. It can be seen from 
Fig. 5 that Last Interglacial (Oxygen Isotope Sub- 
stage 5e) shorelines from Warrnambool and Robe 
(Coorong Coastal Plain) occur at similar elevations. 
It is therefore unlikely that the coast at Point Ritchie 
has undergone significant change in elevation - i.e. 
the shell deposit has not been formed at a time of 
much lower sea level and elevated tectonically to its 
present position. 

Last Interglacial sea levels at Warrnambool 

When the measured ages of the shell deposit are 
compared to sea level data they indicate two possible 
times when sea level was within 30m of the present 
level - either 30 - 45ka or 80 -125ka. For much of the 
time between the Last Interglacial and the Holocene, 
sea level has been much lower (>50m) than now. 
However data from Gulf St Vincent provides evi¬ 
dence of an interstadial sea level high at 30 - 45ka 
(Fig. 4) when sea level rose to 22m to 30m below 
present (Hails et al 1984, Schwebel 1984). This inter¬ 
stadial is considered a less likely time of formation of 
the shell deposit. It is consistent with AAR and a TL 
age determination by Sherwood et al (1994) but not 
with ESR (Goede 1989) or the TL determination by 
Oyston (1996). 

In the Warrnambool region three Last Intergla¬ 
cial sea levels arc known from coastal or marine de¬ 
posits, although these also occur at higher elevations 
than indicated by the Huon sea level curves (Fig. 4): 
(i) Port Fairy Calcarenitc - an age of 125ka for this 
high stand (+7.5m) was published by Gill and 
Amin (1975) based on U/Th results of Valentine 
(1965) for a marine shell deposit at Port Fairy 
and a wave-cut platform at Warrnambool. (i.e. 
oxygen isotope stages 5.4-5.5) 
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(ii) Marine shell deposits at 3-4m above sea level - 
these occur at Narrawong, Goose Lagoon and 
Point Ritchie (Sherwood etal 1994) and Childers 
Cove (Gill and Amin 1975). U/Th ages have 
been found for all sites except Point Ritchie and 
are in the range 95 -108ka. The shell deposits are 
postulated to be relics of a still-stand shoreline 
as the sea was retreating from the higher Last 
Interglacial Maximum sea level at 125ka (i.e. 
oxygen isotope stages 5.2-5.3; Gill and Amin 
1975). 

(iii) Dennington Sand - a dune with its base at an un¬ 
known depth below present sea level. Oyston 
(1996) has determined an age for the basal unit 
at Thunder Point Warmambool as 82 ± 12ka - 
correlated with oxygen isotope stages 5.0 * 5.1 
(Chappell 1983). This deposit also extends below 
sea level at Childers Cove and here gave TL ages 
of90± 12kaand 105± 17ka (Oyston 1996). 

Position of Point Ritchie in relation to the coast at 
the time of deposition of the Headland Deposit 

Figure 6 shows bathymetric data for the Warmam¬ 
bool region. The coastal shelf slopes gently to a 


depth of 80m. Beyond this the slope increases as the 
shelf descends to the edge of the continental rise. 
Maximum interstadial sea level at 80ka is postulated 
at -5m to -14m for the southern Australian region 
(Hails et al 1984; Schwebel 1984). This is consistent 
with the base of the Dennington Sand being below 
present sea level. In light of the data presented here 
Point Ritchie was most probably less than 2km from 
the coastline at 80ka. 

The age of the deposit may be younger than the 
last Interglacial - i.e. within the time period 30 - 
45ka. At this time sea level was much lower than the 
present and the coast correspondingly further away. 
Possible interstadial sea levels at 30 - 45ka corre¬ 
spond to the 20m and 30nt contour lines in Figure 6. 
Bathymetric contour lines directly south or War- 
rnambool (grey circle. Fig. 6) indicate the position 
of a drowned valley of the Hopkins River (Oyston 
1996). The position of the Hopkins River mouth at a 
sea level of -30m (i.e. on the 30m contour line) is 
also shown (circle. Fig. 6). Point Ritchie was at least 
3km from the coast in the interval between 30ka and 
45ka. 

To form the deposit shells would need to have 
been transported a minimum distance of l-2km from 
a rocky coast to Point Ritchie at either of the most 



Fig. 6. Bathymetric data for the Warmambool region showing the location of the 20m and 30m contours near Point 
Ritchie and a submarine valley of the Hopkins River (circled; Oyston 1996). 
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likely higher sea level stands (i.e. 30-45ka and 
~80ka). 

ORIGIN OF THE SHELL DEPOSIT 

Any explanation for the origin of the shell deposit 
must account for its key characteristics: 

(i) It is essentially a mono-specific assemblage of 
fragmented shells from a high energy 
environment. 

(ii) Although high energy facies shells, they occur in 
a low energy facies and lack the wear, sorting 
and wave action sediments expected in a marine 
deposit. 

(iii) The shells occur in a soil profile (the sub-soil of 
a terra rossa) and are associated with terrestrial 
snails and charcoal lenses. 

(iv) The base of the deposit is 8m above present sea 
level with some shells in the headland deposit lo¬ 
cated 10m above sea level. Age determinations 
indicate the shell deposit was formed when sea 
level was lower than present. 

These characteristics make hypotheses which 
describe natural sub-marine or shoreline origins for 
the shell deposit unlikely. The deposit has accumu¬ 
lated sub-aerially and its nature suggests selection of 
shells in their removal to the site. Comparison of the 
shell deposit age to sea level curves indicates the 
coastline was over 1km from the site of deposition of 
the shells and other marine remains. Location of a 
shell deposit within a few km of the coast and at 
least 8m above sea level at time of deposition im¬ 
plies transport of shell material to the site. We have 
considered three possible mechanisms: 

(i) Transport by natural forces - a tsunami. 

(ii) Transport by humans. In areas of southeastern 
Australia the distribution of Late I lolocene Abo¬ 
riginal middens indicates shellfish could be car¬ 
ried up to 3km from the shore where they were 
collected (Lucbbers 1978, Godfrey 1989). 

(iii) Transport by animals other than humans (e.g. 
seabirds arc known to form shell middens). 

The possibility that shells and cobbles may have 

been swept inland by a tsunami was discounted after 
investigation into the characteristics of tsunami de¬ 
posits. While cobbles and shell debris deposited by a 
tsunami may be found many kilometres inland, tsu¬ 
nami deposits typically also contain a chaotic mix of 
large boulders, gravel, sand and shell (Bryant and 
Nott 2001: Bryant and Young 1996; 1992). Other 
depositional evidence of a tsunami includes boulders 


scattered through sand and incorporation of pumice 
into a deposit ( Young et al 1995). These features are 
not observed in the Point Ritchie West Stack and 
Headland Deposits. In addition, shell material has 
been found above and below the middle calcrete in 
the western side of the 1 leadland Deposit. Formation 
of the calcrete would require some time and suggests 
a temporary cessation of sand deposition at this loca¬ 
tion as it developed. A single event (i.c. a tsunami) 
could not produce shell deposits either side of the 
calcrete. 

The problem of determining whether shell de¬ 
posits are the result of natural processes or man¬ 
made ones has received scant attention in the 
literature (see Gill et al 1991, O’Connor and Sulli¬ 
van 1994). Animals may also create middens, e.g. 
seals and gulls (Bowdler 1983) and these need to be 
distinguished if possible from man-made middens. 

Table 4 presents a summary of the characteris¬ 
tics of man-made and animal middens, those due to 
tsunamis and storm beach deposits. Those of various 
shell deposits arc compared to them: 

(A) the Point Ritchie shell deposit. 

(B) an Aboriginal midden at Thunder Point, War- 
rnambool (situated on a high energy coastline). 

(C) an estuarine Aboriginal midden at Mallacoota, 
north-eastern Victoria. 

(D) animal middens due to gulls and seals as re¬ 
ported by Horton (1978) and Jones and Allen 
(1978). 

(E) storm beach lenses at Point Ritchie. 

In preparing the table we have drawn on the re¬ 
sults of Gill et al (1991). 

Analysis of Table 4 makes it clear that the char¬ 
acteristics of anthropogenic and animal middens and 
natural shell deposits are not mutually exclusive. 
Furthermore all human middens need not share the 
same characteristics. A decision on the origin of a 
shell deposit is necessarily judgemental. The pres¬ 
ence or absence of certain characteristics will be 
given different weights in forming a view on origin. 
Bowdler, in assessing these criteria, argues that the 
presence of charcoal, burnt wood, blackened shells, 
artefacts and hearth stones “should be sufficient 
guarantee of anthropogenesis” (Bowdler 1983:137). 
Artefacts or human skeletal material would appear to 
constitute positive proof for the presence of humans 
at a site. Unfortunately neither of these materials oc¬ 
curs in many shell deposits accepted as human mid¬ 
dens (e.g. Thunder Point - B in Table 4). They do not 
occur in the Point Ritchie shell deposit. Other criteria 
such as the presence of hearth stones, charcoal and 
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Characteristics 



Shell Deposit* 





A 

B 

C 

D 

E 

ANTHROPOGENIC MIDDENS: 






(i) 

charcoal 

X 

X 

X 



(<i) 

artifacts 



X 



(iii) 

hearth stones 

X? 

X 

X 



(iv) 

animal bones 

X 


X 

X 


(V) 

exoskeletons of edible Crustacea 


X 

X 

X 


(vi) 

burnt shell and/or Crustacea 

X? 

X 

X 



(vii) 

burnt bone 






(viii) 

predominantly edible species 

X 

X 

X 

X 

X 

(ix) 

a restricted size range in edible species 

X? 

X 

X 

nd 

nd 

(X) 

evidence of species selection 

X 

X 

X 

X 


(xi) 

no internal stratification 

X 

X 

X 

X 

X 

MARINE SHELL DEPOSITS: 






(i) 

stratification 






(H) 

sedimentary features of water laid deposits 





X 

(iii) 

water worn pebbles/boulders 



X 

X? 

X 

(iv) 

both edible and inedible species 

X 


X 

X? 

X 

(v) 

no evidence of species selection 





X 

(vi) 

a full range of shell sizes 

nd 



nd 

nd 

(vii) 

forms of marine life (other than mollusca) 
not used by man 

X 



X? 

X 

(viii) shells often worn due to water transport 



X 


X 

TSUNAMI DEPOSITS: 

(i) cobbles and shell debris found many kilometers 







inland 

X 





(ii) 

chaotic mix of gravel, boulders, sand and shell 





X 

(iii) 

highly bitnodal mixtures of coarse sand 
and cobbles 

nd 




nd 

(iv) 

boulders scattered through sand and pumice 
incorporated into deposit 







*A - Point Ritchie shell deposit D - Animal middens 

B - Thunder Point midden E - Point Ritchie storm beach lens 

C - Mallacoota midden nd - not determined 

+ - based on available sea level data 

Table 4. A comparison of characteristics of middens and marine shell deposits found in various shell deposits (‘x’ means 
the characteristic is present in the deposit). Table adapted from Gill et al (1991). 


blackened shell may constitute evidence for the con¬ 
trolled use of fire, and thus indirectly, the presence of 
man. Superficially, all of these characteristics occur 
at Point Ritchie. Attenbrow (1992) noted that char¬ 
coal can be present in natural shell deposits as a re¬ 
sult of runoff after a fire. Discolouration of shells 
and pebbles may also reflect natural alteration of 
mineralogical composition by, for example, sub-aer¬ 
ial weathering or immersion in a chemically reducing 
sediment. Black minerals such as hydrated manga¬ 
nese oxides and metal sulphides and red minerals 
such as hydrated iron oxides may give rocks and 


shells a misleading appearance. The problem of prov¬ 
ing that blackened shells have been burnt has not 
been seriously addressed. 

Thermolumincsccnce has the potential to deter¬ 
mine whether stones have been heated and, if so, the 
time which has elapsed since this event. In Australia 
the technique has already been successfully applied 
to Aboriginal hearths. The success of the method de¬ 
pends partly on the nature of the material. Burnt cal- 
cite has proved "problematic” (Bell 1983). Its 
application to discoloured cobbles at the Point 
Ritchie site suggested they had not been heated - or 
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if they had it was insufficient to reset their TL clocks 
(Sherwood et al 1994). Animal middens could con¬ 
tain charcoal, burnt shell and stones discoloured by 
heating as a result of bush fires and so this origin for 
the Point Ritchie deposit cannot necessarily be ruled 
out even should heating be proven. 

The few Australian animal middens described 
have all contained bone (Bowdler 1983; Horton 
1978; Jones and Allen 1978) as have some Aborigi¬ 
nal middens. If the Point Ritchie shell deposit is an 
animal midden, formed perhaps by a species of gull, 
it is an extensive one. Its size suggests the area was 
used fairly intensively by the species responsible. It 
has yielded a single fish bone (an otolith). The pres¬ 
ence or absence of bone in a midden is unlikely to be 
diagnostic for animal or human middens because of 
uncertainty over its preservation. Factors such as 
scavengers, fire and weathering of bone over time 
may prevent its preservation in middens. 

Another point of difference between animal and 
human middens concerns the breakage pattern of the 
shells (D. Witter, personal communication). Sea bird 
middens form as the birds obtain the meat from 
shellfish by dropping them onto a rocky surface 
from the air. Shells should thus show random break¬ 
age patterns. Shellfish broken by humans in 
Holocene middens show characteristic breakage pat¬ 
terns reproduced from shell to shell. Due to the poor 
state of preservation and high degree of cementation 
of shells at Point Ritchie it was not possible to obtain 
enough undisturbed, basically whole Turbo shells to 
test this. 


CONCLUSION 

The Point Ritchie shell deposit shows strong evi¬ 
dence for predatory selection of molluscan species. 
It resembles Aboriginal middens in many respects 
but lacks conclusive proof in the form of artefacts or 
human skeletal material. The presence of features 
suggesting the controlled use of fire has high-lighted 
the difficulty of proving shells and stones have been 
affected by heat. Involvement of other animals in the 
shell deposit's formation cannot be conclusively 
ruled out. 

Resolution of the problems raised here may ben¬ 
efit archaeology by refining methodologies for the 
identification of human middens. It is to be hoped 
that the conclusion of Jones and Allen (1978) is un¬ 
duly pessimistic: 


“At a certain point it might become genuinely 
impossible to distinguish between the snack of a 
bird or a man” (page 144) 

If the site is human it is one of the earliest known 
in Australia. 
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MY goal this evening is to take you on a quick tour 
of the fundamentals of electrical transmission in the 
brain and the instruments that have been developed 
to measure the small signals in the tiny cells that 
comprise our brains. 

WHY AN ELECTRICAL ENGINEER CHOSE 
NEUROSCIENCE 

Let me begin with why I, an electrical engineer, got 
involved in neurosciences. Without doubt I had an 
interest as a child in the human body but I loved 
electronics, too, and that is why ! chose engineering. 
Eventually, though. I realized that it would be possi¬ 
ble to combine my two interests. This realization 
came when I discovered how well some of the theo¬ 
ries 1 had been learning in my electrical engineering 
course matched the sophisticated electrical systems 
in the body. 

Sometimes there is a correlation between things 
we create and things in nature for the simple reason 
that we copy nature. One of the most famous exam¬ 
ples is Velcro. Georges dc Mestral, a Swiss engineer, 
invented Velcro in 1948 when he used a microscope 
to look at the surface of the Burdock seeds that stuck 
to his dog and his clothes alter his daily walks in the 
Swiss Alps (Mestral 1955). Seeing the beautifully 
formed, tiny hooks on the seed surface Mestral had 
the insight to realize that if he made a hairy compan¬ 
ion material he would have a reversible binding 
system. 

We do not always copy nature, though. Some¬ 
times we invent a technology all by ourselves and 
subsequently, knowing what to look for, we find it in 
nature. The example that personally excited me as an 
engineering student is a technique known as negative 
feedback. 


What is negative feedback? It is a process of 
continuously adjusting a system to make it work 
more accurately. For example, in modern factories 
negative feedback allows industrial robots to adjust 
the position of their gripping arm based on the feed¬ 
back from a video camera so that they can pick up 
delicate parts first time and every time. 

Negative feedback was invented more than 2,000 
years ago by the ancient Greeks to control the accu¬ 
racy of their water clocks. This ancient knowledge 
remained obscure until it was re-invented in modern 
form a little over 200 years ago by James Watt to 
control the speed of his steam engines. 

Remarkably, negative feedback is common in 
nature. For example, it is essential to the accuracy of 
our voluntary movements. Just like that industrial 
robot picking up a part based on feedback from its 
video camera, when you catch a ball, as the ball gets 
closer negative feedback from your eyes allows you 
to adjust the position of your hands so that you can 
catch the ball without fail. 

I was amazed that mankind had invented exactly 
the same negative feedback process that nature had 
created. But 1 must emphasize that in this case engi¬ 
neers did not copy nature. In fact, scientists were not 
even aware of the existence of negative feedback in 
animals until the early 1900s, well after James Watt's 
invention in 1787 and more than 2,000 years after its 
first use by the ancient Greeks. Mankind and nature 
independently converged on the same process; in the 
first case in a moment of insight, in the second case 
as a result of billions of years of evolution. I was in 
awe of nature and hugely impressed by what engi¬ 
neers had achieved. This inspired me to apply my en¬ 
gineering know how to the study of neuroscience. 

Negative feedback is only one of many extraor¬ 
dinarily complex electrical systems in the brain that 
continue to amaze scientists. When trying to capture 
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the magnitude of that complexity, philosophers and 
scientists have historically drawn on metaphors that 
are based on the most sophisticated systems known 
at the time. 1 have been told by a colleague, Henry 
Lester, that in ancient times Aristotle thought the 
brain served to cool the blood, because the technol¬ 
ogy the Greeks understood best was aqueducts and 
drainage. In the 19 ,h century, philosophers compared 
the brain to electricity distribution, the infrastructure 
technology that excited engineers of the nineteenth 
century and transformed our cities. In the first half 
of the 20 ,h century it W'as common to compare the 
brain to a telephone exchange. In the second half of 
the 20 lh century the brain was compared to a com¬ 
puter. Now in the early part of the 21 st century pun¬ 
dits are comparing the brain favorably to the 
internet. 

I suspect that the truth is that the brain is so com¬ 
plex that there will be several more metaphors, com¬ 
mencing with whatever technology fifty years from 
now makes today’s internet look primitive. 

WHY ELECTRICITY EVOLVED TO 
RUN OUR BRAINS 

To understand the complex brain we have to do bet¬ 
ter than draw metaphors, we have to look at its fun¬ 
damentals. To start, it is worth asking why the brain 
might have evolved to rely on electrical systems, 
rather than, for example, mechanical systems. 

Human engineers certainly did not start out to 
make computers out of electrical systems. When 
Charles Babbage described the first programmable 
computer in 1822, the technology was mechanical. 
Many of you will have seen pictures of the Differ¬ 
ence Engine developed by Babbage over a period of 
50 years commencing in 1822; it was bulky, criti¬ 
cally dependent on manufacturing tolerances and 
prone to failure. 

In contrast, modern calculators avoid mechani¬ 
cal systems. They have no moving parts other than 
the input buttons, they contain millions of transistors 
and microscopic connections, and they work year 
after year without fail. 

Nature, too, avoided the use of mechanical sys¬ 
tems to run the brain. Besides being too large and 
prone to failure, it is likely that mechanical systems 
simply would not have worked in the biological con¬ 
text, just like wheels never evolved for animal trans¬ 
port because it would have been hopelessly difficult 
to deliver blood to a rotating foot. 


Instead, to power the computations in our brains 
Nature selected an exquisite combination of electri¬ 
cal and chemical transmission. The electrical system 
docs the bulk of the computational work and high 
speed transmission. The chemical system assists by 
passing along messages from one brain cell to the 
next. 


ELECTRICAL TRANSMISSION IN 
NERVE CELLS 

In today’s talk I will focus solely on the brain’s elec¬ 
trical system and the tools that have been developed 
to study it at the single cell level. 

The basic computational element in the brain is a 
cell called a neuron. Neurons are very complex, with 
a large expanse of input branches that accept signals 
from other neurons, and a single output branch called 
an axon that sends signals to other cells. 

The standard means of transmitting an electrical 
signal in a neuron is the action potential. To under¬ 
stand what it is, it is necessary to consider a simpli¬ 
fied structure of a neuron. In essence, the cell body 
is like a nibber balloon filled with salt w'atcr. The at¬ 
tached axon is made of the same membrane mate¬ 
rial, rather like a hose intimately attached to the 
balloon. The membrane is very thin, but extremely 
effective at keeping foreign material out and keeping 
the cell’s contents in. 

Special proteins in the membrane pump posi¬ 
tively charged sodium ions out of the cell with the 
net result that the inside of the cell is negative com¬ 
pared to the outside of the cell. 

Now, for whatever reason, imagine that a small 
patch of the membrane on the axon becomes perme¬ 
able to sodium ions. All of a sudden, positively charged 
sodium ions rush into the cell and the local region 
under the membrane becomes relatively positive. By a 
mechanism that involves permeability changes that 
arc triggered by local voltage changes, the influx of 
sodium ions spreads away from the initiating patch of 
membrane, all the way to the end of the axon. 

If you look at the voltage at a single recording 
location as the action potential sweeps by, the change 
in the voltage is a brief positive pulse. 

How fast does the action potential conduct? It is 
actually quite slow. An action potential in a basic 
axon travels about I m/s, a leisurely 4 km/hour. Is 
this fast enough for us to coordinate our efforts to 
walk, run, or kick a ball? No. Given that the distance 
from your brain to your toe is about two metres, if 
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the signals that controlled your walking took two 
seconds to get to your toe via a relay station in your 
spinal cord your attempts to kick a ball would be 
clumsy indeed. 

To be useful for control of peripheral functions, 
the action potential has to travel much faster than 1 
m/s. Evolution increased the speed of the action po¬ 
tential by wrapping the axon in an insulator called 
myelin. The myelin insulating layer reduces lossi- 
ness in the axonal transmission line and increases its 
transmission speed. To preserve the magnitude of the 
signal there are repeater stations every few millime¬ 
tres. Called the nodes of Ranvier, the action potential 
is boosted at each node back to its original strength. 
The action potential rapidly jumps along from node 
to node, very much like the telephone signal in an 
undersea cable is boosted at repeater stations every 
few hundred km. 

In a myelinated axon, the transmission speed of 
the action potentials can be 100 m/s or more, taking 
only 20 ms to reach your toe, fast enough to enable 
us to walk, talk and catch a ball. 

A nice benefit of the action potential for signal¬ 
ling in the nervous system is that the communication 
is inherently digital. This provides wonderful noise 
immunity, just like the way that digital music from a 
CD is free from the crackles and hisses that can be 
heard on old vinyl records. The digital system also 
provides high reliability, necessary so that we can 
talk, sec and do arithmetic with great consistency. 

Returning to the action potential, what is the 
mechanism that lets sodium ions flow transiently 
into and out of the cell? The answer is specialized 
proteins that are like tiny trapdoors embedded the 
membrane. They have a very descriptive name - ion 
channels. 

The membrane in which ion channels are em¬ 
bedded is approximately four nanometres thick. The 
ion channel contains a passage that connects the out¬ 
side of the membrane to the inside. Ordinarily, the 
passage in the ion channel is closed and nothing 
flows through it. But under the right stimulus condi¬ 
tions, such as a change in the voltage across the 
membrane or the presence of an activating chemical 
such as a neurotransmitter, the passage opens and a 
small number of ions flow through. Not just any 
ions. In most cases, the ion channel is highly selec¬ 
tive. Some ion channels let sodium ions flow but 
nothing else. Others are selective for calcium ions; 
others for chloride ions or potassium ions. 

Despite the complexity of this activity the ion 
channel is a single molecule. At a molecular weight 
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of approximately a million daltons it is much larger 
than a water molecule, but it is a single molecule 
nevertheless. It is the epitome of nanotechnology - a 
machine that has a job to do, reliably opening and 
closing its gate hundreds of thousands of times per 
day, year after year, for the duration of our lives. 
Such performance at the molecular level is far in ad¬ 
vance of the current state of the art in nanotechnol¬ 
ogy and it should stand as an inspiring example to 
the nanotceh engineers of today. 

The flow of sodium and other ions into and out 
of the cell sounds on the surface of it to be more like 
chemistry than electricity, but in fact the flow of 
charged ions constitutes an electric current, no dif¬ 
ferent in electrical terms to the flow of electrons in a 
copper wire. Positively charged sodium ions flowing 
in one direction in an ion channel are equivalent to 
negatively charged electrons flowing in the opposite 
direction in a copper wire. 

Besides the polarity and composition of the 
charge carriers, the biggest difference between elec¬ 
tricity in our household appliances and the electric¬ 
ity in our bodies is the magnitude. When you switch 
on an electric kettle, 10 amps of current flow into the 
coil to heat up the water, driven by 240 volts of force. 
When an ion channel activates, the current is a pi- 
coamp. a millionth of a millionth of one amp, driven 
by a tenth of a volt of force. When an ion channel 
opens for a millisecond a mere 6,000 or so ions flow 
through before the ion channel closes again. 

If one thinks in terms of power instead of cur¬ 
rent, the average power during ion channel activation 
is at the level of a femtowatt (10 watt). That is 
why, despite the fact that we have up to 100 billion 
active neurons in our brains, we do not overheat and 
melt down. The total power of 100 billion neurons 
actively pulsing in our brains averages about 20 
watts, similar to the consumption of a small bedside 
lamp. 

Ion channels arc the foundation of the electrical 
operation of our brains and peripheral nervous sys¬ 
tem, thus their proper operation is essential to our 
health. Malfunctioning ion channels are the cause or 
a contributing cause of many diseases. A short list 
would include migraine, epilepsy, irregular heart¬ 
beat, intractable pain, high blood pressure, cystic fi¬ 
brosis and type II diabetes. Pharmaceutical 
companies are actively developing medicines that 
modify the activity of ion channels in order to com¬ 
bat these diseases. 
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HISTORICAL INVESTIGATIONS 

The first hint that electricity played an important 
role in biology came in 1786 from the experiments 
of the famous Italian biologist, Luigi Galvani, after 
whom the galvanic effect and galvanization in met¬ 
als are named. Galvani was working on a dissected 
frog while an electrical storm raged outside. When 
his scissors touched a nerve the frog’s leg muscle 
twitched. Repeating these experiments day after day 
Galvani eventually determined that the lightening 
had nothing to do with it, instead he concluded there 
was intrinsic electricity that flowed from the nerve to 
the muscle. In 1791 Galvani published a book that 
announced to the world that electricity was an innate 
force of life and established the research field even¬ 
tually known as electrophysiology. 

Galvani’s work not only inspired generations of 
scientists, it inspired an impressionable young au¬ 
thoress. In 1818, after discussions about Galvani's 
work with her husband, the poet Percy Shelley, and 
their friend Lord Byron. Mary Shelley wrote her fa¬ 
mous novel, Frankenstein, in which Doctor Franken¬ 
stein used lightning and electricity to breathe life 
into a cadaver made of stolen, stitched together body 
parts. 

Luigi Galvani thought that he had discovered the 
secret of life. Of course, nothing is that simple and 
for more than 100 years there was little progress 
teasing out the relationship between electricity and 
biology. To make headway, scientists needed to in¬ 
vestigate electricity in single cells rather than the 
tens of thousands of cells in a frog's leg or nerve 
fibre. However, individual cells in a frog or a mam¬ 
mal were too small for scientists in the 1800s and 
early 1900s to work with. 

Scientists eventually finessed the problem by 
finding bigger cells. One and a half centuries after 
Galvani’s initial discovery, Kenneth Cole and How¬ 
ard Curtis (1938) made electrical measurements in 
the giant axon of the squid. This axon is unusually 
large, up to a millimetre in diameter, allowing a wire 
to be threaded up its centre. The squid giant axon's 
job is to rapidly coordinate the contraction of the 
squid’s body wall to force a powerful jet of water 
from its siphon to enable it to escape from predators. 
For this reason, transmission in the axon has to be 
fast. However, the squid's giant axon has a simple 
membrane without any myelin, so it is missing one 
of the key ingredients for speed. Fortunately, there is 
an additional factor governing the transmission 
speed of an action potential in an axon. It turns out 


that the larger the diameter of an axon the faster the 
transmission of the action potential. Thus, in the 
squid, despite the lack of myelin in the axon, because 
of its huge diameter the transmission speed is up to 
100 m/s, just like the transmission speed in sophisti¬ 
cated mammalian axons that have myelin sheaths. 

The down side of the squid’s approach to achiev¬ 
ing transmission speed is that axons of 1 mm diame¬ 
ter occupy a lot of space. Indeed, it would be possible 
to fit one million mammalian axons of 1 micron di¬ 
ameter into the space occupied by a single squid 
giant axon. Therefore, the evolution of large diame¬ 
ter axons for rapid transmission has limited 
applicability. 

Luckily for science, their large size and simplic¬ 
ity made squid giant axons ideal for studying action 
potential transmission in single cells. Early work 
with the squid giant axon culminated in a series of 
remarkable papers in 1949 and 1950 that earned 
Alan Hodgkin and Andrew Huxley the Nobel Prize 
in medicine for discovering, in the squid giant axon, 
the mechanism of the action potential. 

Unfortunately, the techniques used in the squid 
giant axon were not applicable to tiny mammalian 
neurons. The wires that Huxley and his colleagues 
threaded carefully down the centre of the squid giant 
axon were much too big to insert into tiny mamma¬ 
lian cells. It was important to work with mammalian 
cells because ultimately scientists wanted to under¬ 
stand health and disease in humans, and pharmaceu¬ 
tical companies wanted to find new medicines to 
cure diseases of ion channels. 


KEY INSTRUMENTATION IN 
THE MODERN ERA 

The main problem that prevented scientists from 
measuring the electricity in small cells was that fine- 
tipped metal electrodes were not compatible with the 
salt solution inside the cell. The breakthrough that 
enabled scientists to glimpse the electrical activity 
inside mammalian neurons was the development of 
the glass micropipctte electrode by Ling and Gerard 
(1949), building on earlier work of Marshall Barber 
in 1904. 

The glass micropipette is an electrode that uses a 
salt solution as the conductor instead of a metal as 
the conductor. Ling and Gerard started with a piece 
of glass tubing. Using intense heat to melt the centre 
portion they drew the tubing down to a fine tipped 
pipette. The tip was about one tenth of a micron in 
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diameter but still hollow, so when the micropipette 
was filled with a salt solution from the back end the 
conductive salt solution was continuous all the way 
to the orifice at the tip of the micropipette. The tip 
penetrated the cell and the back end connected to a 
millimetre scale wire and the electronic amplifier. 

Using a micropipctte and a recording amplifier, 
scientists were able to measure the voltage inside 
cells, but this basic recording configuration provided 
limited information about the current that flowed 
through the ion channels. In order to measure the 
current, in the 1940s Kenneth Cole (1949) invented 
a technique that enabled him to control the internal 
voltage of the cell at the same time that he measured 
the cell current. He called this technique a “voltage 
clamp”. To implement a voltage clamp it was neces¬ 
sary to penetrate the cell with two electrodes, one for 
voltage recording and the other for current passing. 

Voltage clamp measurements produced an abun¬ 
dance of data and underpinned the emerging under¬ 
standing of how electrical transmission occurred 
within a neuron. However, in many cases, small 
mammalian cells were hidden from view deep in the 
brain or spinal cord. How could scientists stick two 
electrodes into the same tiny cell if the cell could not 
be visualized under the microscope? 

Building on a technique initially proposed by 
Brenneke and Lindemann (1974), in the early 1980s, 
working with Steve Redman at the Australian Na¬ 
tional University I developed a special version of the 
voltage clamp that tricks the control electronics in 
the recording system into thinking that there are two 
electrodes when in fact there is only one (Finkel and 
Redman 1984). The amplifier achieves this by 
switching the electrode between a voltage recording 
role and a current passing role thousands of times 
per seconds. This is so fast that from the cell mem¬ 
brane's perspective it as if functionally there are two 
electrodes. This system is called a single-electrode 
voltage clamp. The electronic amplifier that imple¬ 
mented this technique became the foundation prod¬ 
uct with which 1 founded Axon Instruments, in 
California, in 1983. 

However, whether it is implemented with two 
electrodes or one electrode, the voltage clamp tech¬ 
nique I have just described suffers in that the elec¬ 
trodes that penetrate the cell do damage, and the cell 
contents slowly leak out, thereby affecting the re¬ 
cording. Scaled up to the level of the human body, a 
micropipctte electrode penetrating a mammalian 
neuron is similar to a folded umbrella penetrating a 
human abdomen. 


This difficulty was overcome in 1980, when Er¬ 
nest Neher and Bernard Sakmann at the Max Planck 
Institute in Germany invented a variation of the tech¬ 
nique that dramatically increased scientists’ ability 
to study the individual activity of single ion channels 
(Hamill et al 1981). Their technique, called the 
“patch clamp” revolutionised the field and earned 
Neher and Sakmann the Nobel Prize in Medicine in 
1991. 

In its fundamental form, to make a patch clamp 
recording, a blunt but ultra-clean micropipette is 
pushed against the membrane and after the applica¬ 
tion of some suction makes a tight seal to the mem¬ 
brane. With luck and skill, the electrode can be 
sealed to a patch of membrane that holds only one 
active ion channel out of the many tens of thousands 
that decorate the rest of the cell membrane. Using an 
extremely sensitive current amplifier it is possible to 
see the transitions from zero current to maximum 
current and back again to zero current each time the 
ion channel opens and closes. 

Most exciting to me is the realization that when 
looking at this current one is observing the activity 
of a single molecule. Not only is the ion channel an 
extraordinary nanomachinc but we can observe it 
one molecule at a time as it goes about its business. 
Single-channel patch clamp is one of the few tech¬ 
niques that allows scientists to observe the repeated 
activity of a single molecule. It is arguably even 
more exciting than seeing the traces in the cloud 
chamber of a particle collider, because in a particle 
collider the measurements are of the dying gasp of 
smashed atoms, not the repetitive, sustained actions 
of single, fully functional molecules. 

The amplifier that records the tiny currents 
through a single ion channel is crucially important, 
with the primary design goal being to minimize the 
extraneous noise introduced by the first stages of the 
electronics. To achieve the ultimate in low noise per¬ 
formance a capacitor is used as the current detection 
element instead of a resistor. The state of the art 
patch-clamp amplifier technology today is the Axo- 
patch 200, developed by my colleagues Rick Levis, 
Jim Rae, Richard Lobdill and myself in 1992. 

Soon after Neher and Sakmann invented the sin¬ 
gle-channel patch clamp they realized that it could 
also be used to measure the current simultaneously 
from all the thousands of ion channels embedded in 
the membrane of the whole cell, not just the one in 
the patch of membrane enclosed by the electrode. 
This is especially useful when a pharmaceutical 
company wants to test for the ability of a chemical to 
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trigger the opening or closing of ion channels. There 
are many different types of ion channels, and a large 
number of them are activated by chemicals such as 
an existing or new medicine, commonly referred to 
as a drug. 

This technique is called the whole-cell patch 
clamp. The essence of the whole-cell patch clamp is 
that the patch of membrane enclosed by the micropi¬ 
pette is deliberately ruptured without destroying the 
tight seal attaching the micropipctte tip to the mem¬ 
brane. This provides low-resistance access to the in¬ 
terior of the cell. 

If the single-channel patch clamp is regarded as 
the first generation of patch clamping then the whole 
cell patch clamp is the second generation of patch 
clamping. 

Pharmaceutical companies have found that 
whole-cell patch clamp is the best way to test the 
ability of potential new drugs that act on ion chan¬ 
nels. The problem for pharmaceutical companies is 
that patch clamping is expensive. Conventional 
whole cell patch clamp requires an experienced, 
Ph.D. level scientist to conduct the experiment. No 
matter how efficient he or she is, by the time the ex¬ 
periments are repeated on a number of cells to im¬ 
prove the statistical accuracy the all up cost of salary 
and materials to test one drug using patch clamp can 
be thousands of dollars. This is prohibitive when a 
pharmaceutical company needs to screen tens of 
thousands of compounds in its drug screening 
program. 

The only effective way to reduce the cost is to 
automate the process, thereby eliminating the most 
expensive part of the patch clamp measurement, 
which is the scientist. To automate patch clamping, 
Horst Vogel and Christian Schmidt fl997) invented 
the planar patch clamp. The planar patch clamp is 
limited to cultured cells but it is a huge step forward 
in cost control and automation. The essence of the 
technique is that the micropipctte is replaced by a 
thin sheet of glass, plastic or other suitable material, 
into which has been formed a hole of approximately 
one micron in diameter. A plastic chamber is formed 
above the glass, surrounding the hole, and then sev¬ 
eral thousand cultured cells are introduced into the 
chamber. Under the force of gravity and applied suc¬ 
tion the ceils descend toward the hole until one of 
them is sucked into position. The patch of membrane 
over the hole is ruptured and the interior of the cell is 
now electrically continuous with the recording cir¬ 
cuit. The dramatic benefit of this approach to patch 
clamping is that it is no longer necessary for a trained 


scientist to manipulate a micropipctte under micro¬ 
scopic control to make an attachment to the cell. I 
will refer to this technique as the third generation of 
patch clamping. 

This kind of planar patch clamp was a big step 
forward in terms of automation and cost control but 
it is still not cheap to run. The running cost of the 
most efficient ones on the market is around SI00 per 
drug tested, which is much lower than the manual 
technique but is still a burden if tens of thousands of 
drugs need to be tested. The biggest reason for the 
expense is that not every measurement chamber 
yields a result. Thus the drugs have to be applied re¬ 
dundantly to many chambers to increase the proba¬ 
bility of a successful recording. This slows down the 
throughput and increases the costs. 

In 2004, while working in America, I developed 
an improvement to the planar patch clamp technique 
that is known as the population patch clamp (Finkel 
et al 2006). The population patch clamp is an exten¬ 
sion of the planar patch clamp and at a glance the ar¬ 
rays of chambers look identical. The difference is 
that at the bottom of each chamber instead of there 
being a single one-micron hole there are a large 
number of holes, slightly fewer than one hundred but 
the exact number is not important. What is important 
is that there are now nearly a hundred chances to 
successfully patch clamp a cell in every chamber. 
The currents from the population of successfully 
patch clamped cells arc averaged together, thereby 
increasing the statistical relevance of the result. In 
many cases, this eliminates the need to redundantly 
apply drugs to multiple chambers. All up, the popu¬ 
lation patch clamp is cheaper, delivers better mea¬ 
surement statistics and is faster than the single-hole 
planar patch damp. The throughput of candidate 
medicines is about 2,000 per day and the cost per 
drug tested is about S30 each. Another way of look¬ 
ing at the benefits is that the population patch clamp 
allows widespread screening of drugs for ion chan¬ 
nel diseases that simply could not be tested 
otherwise. 

The population patch clamp is the latest advance 
in patch clamping, and can be considered to be the 
fourth generation of patch clamping. 

FUTURE GAZING FOR NEUROSCIENCE 

Looking into the future, say the next fifty years, what 
are the big challenges for neuroscience? 
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Treatments 

In the field 1 have been discussing this evening, there 
will be steady progress discovering medicines to 
treat ion channel diseases such as those listed previ¬ 
ously. Equally pressing is the need to understand 
neurodegenerative diseases such as Alzheimer’s and 
Parkinson’s disease, psychiatric diseases such as 
schizophrenia and depression, and recovery from 
trauma such as stroke and spinal cord injury. For 
many of these diseases, patch clamping, combined 
with epidemiology and clinical research, will enable 
improved and safer medicines to be brought to 
market. 


Tools 

Modern imaging technologies such as functional 
magnetic resonance imaging, positron emission to¬ 
mography and cellular imaging are rapidly improv¬ 
ing and will yield enormous insights over the next 
fifty years. 

Neural prosthetics will allow amputees to con¬ 
trol limbs with signals from their brains, and just like 
has been achieved with restoration of hearing, neural 
prosthetics will bring back vision in some types of 
blindness. 


Performance Enhancements 

Equally important as the need to understand the dis¬ 
eased brain is the need to understand the healthy 
brain. The challenges here are to understand learning 
and memory. With sufficient understanding we 
might be able to help healthy people to learn more 
easily and remember more readily. This, of course, 
will bring a host of ethical questions to the fore. 

Consciousness 

Ultimately, the biggest challenge facing neuroscience 
is the understanding of consciousness. As much as 
neuroscientists and neurologists have learned about 
the brain and as much as psychiatrists and psycholo¬ 
gists have learned about the mind, science is still a 
long way from understanding how consciousness 
emerges from the processes that I have described. 

Where docs one start when it comes to con¬ 
sciousness? It may be that consciousness arises inev- 
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itably from complexity. If so, there is an interesting 
experiment taking place all round us. If you equate a 
computer with a neuron, the billion or so computers 
connected to the world wide web is within a factor of 
one hundred of the number of neurons in the human 
brain. This is getting close, so if complexity alone 
were enough to create consciousness early hints of 
consciousness in the internet might be expected by 
now. However, you will probably agree that the inter¬ 
net does not display even the slightest hint of con¬ 
sciousness, certainly not intelligence. You might 
think that your computer is perverse, but if so you 
are being generous by ascribing human characteris¬ 
tics to what is in essence a dumb machine. Some 
people do not think we will ever understand con¬ 
sciousness. Author Lyall Watson said, "If the brain 
were so simple we could understand it, we would be 
so simple we couldn’t.” 

I think we will eventually understand conscious¬ 
ness but it will take a long time, perhaps centuries. 1 
have confidence that we will ultimately be success¬ 
ful because there are other examples where the chal¬ 
lenge was formidable until something clicked, after 
which rapid progress ensued. For example, fifty 
years ago the molecular mechanisms of genetic in¬ 
heritance were barely understood. When Crick and 
Watson discovered the structure of DNA, the double 
helix became a Rosetta Stone that directly contrib¬ 
uted to the past fifty years of explosively productive 
discovery in genomics. 

Neuroscientists are yet to discover the Rosetta 
Stone of consciousness. There are, however, many 
scientists who arc looking. In most cases they arc 
starting small, trying to elucidate the mechanisms of 
sensory inputs such as sight and sound without 
which consciousness would presumably not develop. 
They hope that by determining the neurological con¬ 
ditions under which consciousness exists they might 
discover a clue to how it forms. Such a clue, of Ro¬ 
setta Stone magnitude, will eventually be found and 
will mark the beginning of an era of explosively pro¬ 
ductive discovery in consciousness research. 

FUTURE GAZING FOR ME 

One thing I can tell you is that the next breakthrough 
certainly will not come from research or new instru¬ 
ments designed by me. I have been involved in neuro¬ 
science for 30 years but through the success of some 
of the instruments that I have described I now have 
the opportunity to re-start my life, focussed in Aus- 
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tralia. My involvement in benchtop neuroscience and 
equipment development is therefore at an end, al¬ 
though I continue to be peripherally involved through 
teaching at the Australian Course in Advanced Neu¬ 
roscience and assisting several neuroscience and 
mental health research institutes in Melbourne. My 
main focus now, however, is on publishing and 
education. 

In publishing, L have had the pleasure to co¬ 
found Cosmos magazine with my wife, Elizabeth 
Finkcl, and with the editor and publisher, Wilson da 
Silva and Kylie Ahem. Cosmos is a magazine about 
science in society, broadly interesting to curious in¬ 
dividuals like you in the audience today. Cosmos is 
very much an opportunity for me, with my co-found¬ 
ers, to convey our love of science and technology to 
others, and hopefully to young people who might be 
inspired to choose a career in science. 

Expanding our effort into a related field, we are 
about to launch G magazine. G is a magazine on sus¬ 
tainable living for individuals, for business and for 
government. Most of us would agree that the quality 
of life for our children and following generations 
will be highly dependent on how sustainably we in¬ 
teract with our environment and manage our re¬ 
sources. G magazine will point its readers at ways to 
do better by the environment without necessarily 
sacrificing the best of modem living. 

The future of our environment is enormously im¬ 
portant. I expect that over the coming years the ef¬ 
forts of the Royal Society ofVictoria will increasingly 
be directed towards environmental issues. The Soci¬ 
ety will thereby contribute to our community's un¬ 
derstanding of the status and opportunities in 
environmental management and a better future. 

My thanks to each and every one of you for tak¬ 
ing the time to attend today. I appreciate your inter¬ 
est in this personal review of neuroscience and 
neuroscience instrumentation. 
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